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Preface 


The Committee on NASA Scientitic and Technological Program Reviews was 
created by the Netional Research Council in June 1981 as a result of a 
request by the Congress of the United States to the National 
Aeronautics and Space Administration that it establish an ongoing 
relationship with the National Academy of Sciences and the National 
Academy of Engineering for the purpose of providing an independent r 
objective review of the scientific and technological merits of NASA 
progran changes whenever the Congressional Committees on 
Appropriations so direct.^ 

When a review is requested, the Committee is called into action to 
set the terms of reference, select a panel of experts to carry out the 
task, and review the resulting report before publication. 

The panel undertook its first task during the summer months of 
1981 when it reviewed alternative versions of the International Solar 
Polar Mission, a joint venture between NASA and the European Space 
Agency. A report was issued and the results of the review were 
presented in briefings to Congress and to NASA in the early part of 
Septemt>er 1981. ^ 

The second task, which is the subject of this report, resulted 
from a request by the Congressional Committees on Appropriations to 
the NASA Administrator (Appendix A) in March 1982 for a review of 
reductions in NASA's Aeronautics Research and Technology Program. The 
Committee met on March 27, 1982, to establish terms of reference 
(Appendix C) for tne review based on the congressional request and to 
nominate a panel combining various areas of industrial, academic, 
economic, and governmental expertise to undertake the task. In 
appointing such a group of individuals to make scientific and 
technical assessments, it is essential that the majority have a high 
degree of expertise in the subject of the study. It is an almost 


^Congressional Conference Report 96-1476, November 21, 1980. 

^The International Solar Polar Mission; A Review and Assessment of 
Options , National Academy Press, Washington, D.C. , September 1981. 
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inpossibl* task to find individuals totally without potsntial bias who 
hava the appropriate qualifications. Thus, tvary effort was nada to 
achieve a balance in backgrounds and attitudes of the panelists in 
order to present as objective a report as possible. 

The short period of time over which the review had to be 
undertaken put severe demands on the ChairMn and members of the 
panel, who deserve much credit for their effective and timely response. 


Norman Hackerman 

Chairman, Committee on NASA Scientific 
and Technological Program Reviews 
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Executive Summary 


The CoBMiittee on NASA Program Reviews of the National Research Council 
in response to requests from the Congressional Committees on 
Appropriations formed the Review Panel for Reductions in the FY 1983 
NASA Aeronautics Research and Technology Program and provided 
guidelines for the review on March 27, 1982. The congressional 
request was for review of reductions in the Fiscal Year 1983 program 
from the original NASA proposal to the levels of the appropriation 
request sulMiitted to Congress. The request asked for an assessment of 
the national criticality of the excluded programs and, for each one, 
the risk (probability of success) assoc_;..3d with achieving the 
objectives sought and thb degree to which it might be assumed by the 
private sector. 

Based on this request, the NRC Committee on NASA Program Reviews 
developed a charge c<xDprising an as'^essment of those aeronautics 
projects excluded from the NASA FY 1983 budget request to Congress, 
the likelihood that industry would undertake them, the impact of their 
not being done, and the more general question of the need for 
government to "bridge the gap" betwt^^on the Aeronautics Research and 
Technology (R&T) Base and early application.^ The charge further 
specifies that the assessment is to encompass considerations of 
safety, national defense, efficient transport, and the national 
economy. 


NATIONAL CRITICALITY AND BRIDGING THE GAP 

The issues of national criticality and the need for bridging the gap 
between the R6T Base and industry raise numerous fundamental questions 
in economic and political doctrines and policies. Although many of 
these questions should be addressed in the long run, the panel, in 
recognition of the relatively near-term nature of the NASA program 


^The R&T Base consists primarily of discipline-oriented and applied 
research. 
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decision! being addressed, judged national criticality in teraw of the 
need to ensure that essential RSD prograai decisions nade now do not 
foreclose the timely availability of future options to meet national 
requirements and the need to avoid possible major negative effects on 
the contributions of NASA and the aerospace industry to the national 
economy, the national defense, and the national transportation system. 

The panel generally accepted the principle expressed by the Office 
of Management and Budget that "technology developiaent and 
demonstration projects with relatively near-term cosuMrcial 
applications will be curtailed as an inappropriate federal subsidy." 
The panel noted, however, the difficulties in the early stages of R«D 
of separating military from commurcial applications, of determining 
whether innovations will be achi’ived in the near or the long term, and 
of defining where in the spectrum of the RSD process particular 
program activities should be characterized. 


OTHER CONSIDERATIONS AFFECTING THE REVIEW 

The panel's assessments were based on the following additional 
considerations t 

o The history of undisputed success in aeronautics research and 
technology under existing divisions of labor among NASA, the 
Department of Defense, and the private sector (universities and 
industry) and the effective dissemination of research ideas among the 
nation's research teams. 

o The multipurpose nature of much of NASA's research and the 
difficulty in identifying programs and technologies with exclusively 
military or commercial applicability. Much aeronautical technology in 
transports, in the engine field, and in helicopters is equally 
applicable to defense as to civil aviation needs. 

o The nature of the transport aircraft and engine manufacturing 
industry, whose commercial product bears a very high price tag and 
whose product develofmient costs are of the order of the worth of a 
large company (typically $2 billion for the development of a new 
transport and $1 billion for the development of a new engine) . These 
industries engagr in noar-term technology demonstration to extend the 
state-of-the-art into improved products. 

The crucial element in determining which products of NASA 
research will be developed is confidence in a technical ' ise. This is 
essential before a manufacturer can responsibly commit the enora»us 
funding needed for development of a new product. 

o The good long-term economic performance of the U.S. aircraft and 
aircraft engine industries in both the civil and military sectors 
(these industries account for 10 percent of U.S. exports in the 
nonagricultural sector) and the growing and increasingly effective 
competition from foreign competitors who are heavily governawnt 
subsidized. 
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In judging tht inportnnc* «nd priority of spooific doMonatrntion 
progranSf tn« panel laid naaviest anphaaia on tha dagraa of innovation 
involved > tha breadth of applicability poaaibla# and tha extant of 
davalopoMnt, daaonatiation, verification of concept, and validation in 
an operational environaent required before the new concept, coaponent, 
material, or device could be incorporated with acceptable technical 
riak <n production of civil or ailitary aircraft. 


FINDINGS 

Although only seven Syateaa Technology projecta were retained in the 
FY 1983 budget request to Congress because they were judged to support 
military needs, several of the nineteen excluded projects (see Table 2 
on pages 8 and 9) were found by the panel to have medium to high 
impact on natioi:«l defense. 

Of the excluded ongoing projects and new initiatives, the 
following nine programs spanning the three Mjor technology areas in 
aeronautics were judged to be of the highest priority. 

o In the area of structures, the three programs in 
composites — Composite Primary Aircraft Structures (CPAS) , Transport 
Aircraft CMiiposite Structures (TACS) , and Advanced Coeposite Materials 
RtT — are regarded as having the highest priority, with high potential 
impact on safety, efficient transport, and the national economy and 
moderate impact on national defense. The outlook for technical 
success IS good. Although industry is using some composite structures 
in new aircraft and is doing considerable near-term R&0 for further 
application, it is not likely to take on in the near future such 
programs as CPAS and TACS, which represent long-term objectives with 
broad applicability. 

o In the propulsion area, the Energy Efficient Engine (E^) end 
the Advanced Tur^prop Program (ATP) were judged to be of high 
priority. The E^ progrt a has high potential impact on efficient 
transport, the national economy, and national defense. The outlook 
for technical success is good, but it is unlikely that industry would 
undertake such a program in the near future. 

The ground test phase of the Advanced Turboprop Program (ATP) , in 
which aerodynamic, structural, and acoustic characteristics will be 
defined, is seen as having high priority along with some effort in 
preparing for the flight test program t Thase HI ) , which will 
eventually be required for an adequate data base. The full 
implementation of Pnase III is also of high priority and represents a 
very desirable acceleration of the program but is rated below the 
other programs in urgency. Successful technological development of 
the advanced turboprop will have high potential impact on efficient 
transport, the national econoaiy, and national defense. The outlook 
for technical success is fair to good, and it is improbable that 
industry would undertake this work in the near future. 

o In the area of aerodynamics, three activities were singled out 
as high- priority programs— Energy Efficient Transport (EET) , High 
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PtrfociMtnoo Milif rv R>T » and Productivity Irotov— nt . Coaplction of 
th« r«MiiUii 9 work in th« BBT program abould taault ih banafita to 
officiant transport and Uia national aoonomy* High Parforaanoa 
Military R4T will t>rcvida a baaia for NASA to continua ita strong rola 
in tachnology davalcpnanta to improva futura military aircraft. 
Productivity ln^rovamant ia grouped with tha aerodynamic activitiaa 
bacauaa it will impreva facilities that are used primarily for 
aerodynamic investigations. 

Tha panel baliavas that tha implementation of these high-priority 
activities will result in a focused and balanced program, enabling 
advances in all three major divisions of aeronautical 
technology— structures, propulsion, and aerodynamics. 

Some degree of support within the R4T Base is regarded as 
appropriate for several ongoing projects, as well as for the new 
initiative Small Engine CosB?onents . These projects include three that 
NASA itself nas proposed for the RiT Base. 

The excluded SysteiM Technology projects and new initiatives 
assigned a high priority are projected by NASA to cost soMwhere 
bettreen $48 million and $79 million, depending on the level of auj^ort 
allocated the ATP Phase ill. (Three of these high-priority programs 
totaling $14 million are new initiatives in the RST Base.) 

A further increase in the RsT Base of between $10 million and $20 
million would to account for the inclusion of some level of 

effort for the KST Base components of Systems Technology projects 
being terminated and deemed appropriate for funding within this 
category. 


OTHER CONCERNS 

Several issues arose in the panel's deliberations about which its 
members wish to express concern. 

New Initiatives 


The panel views with great concern the deferral of NASA's new 
initiatives in aeronautics for the past two years. The absence of 
such long-term R40 programs, while not felt in the near tern, may 
result in severe setbacks in the U.S. defense and economic posture in 
the long tern. 


Adequacy and Balance of MT Base Program 

Finally, the panel wishes to express its concern over the generally 
declining trend in support of NASA aeronautical R4D over the past 
several years and the even steeper decline in out-of-house effort 
relative to in-house effort (see Figure 2 in Chapter 6). It is 
especially concerned about the decline in support of university 
prograsM in a period when universities are experiencing severe 
financial stresses and when the need for educating scientists and 
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•ngln««rc. to Mot national raquiraaiants ia of gcaat lavortanoa. Xn 
tna panal'a viaw, tha continuation of thaaa tranda would be wok . 
unfortunata for futura prf>graaa 'n aaronautioa in tha Unitad fitataa,' 
having aarioua advaraa affacta on tha national aconoay and national 

dafanaa. 
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Introduction 


NASA's Aeronautics Research and Technology Prograa is divided into t«K> 
major elementSr the Research and Technology Base and Systems 
Technology. The Research and Technology Base consists primarily of 
discipline-oriented research and applied research. Systems 
Technology* as described by NASA* consists predominantly of technology 
demonstration/proof -of -concept activities and* to a much lesser 
extent* technology validation in those research areas that have shown 
promise. 

The FY 1983 budget submitted to Congress for NASA's Aeronautics 
Research and Technology Program is substantially lower than its level 
of prior years in constant dollars, as shown in Table 1 and Figure 1. 
While that part of the budget allocated to the Research and Technology 
Base is slightly higher than in past years* the Systems Technology 
budget is only 25-30 percent of its level in the 1973-1981 period. 

The budget excludes any new initiatives and retains only those 
programs that had been judged to support military needs (see the 
Office of Management and Budget's Special Analysis K in Appendix 0). 
The Systems Technology projects proposed for termination are those 
that had been viewed as supporting primarily civil aviation. Table 2* 
derived from NASA-furnished information* shows the FY 1983 budget for 
NASA's Aeronautics Research and Technology Program. The three columns 
reflect the originally proposed NASA program* a reduced program 
proposed by NASA* and the appropriations request to Congress. 

The congressional request (Appendix A) is for an assessment of the 
national criticality of excluded programs* the risk associated with 
achieving the objectives sought by each one, and the degree to which 
each one might be assumed by the private sector. 

Th . charge to the panel from the Ccxmittee on NASA Program Reviews 
(Appendix C) calls for an assessment of those projects excluded from 
the proposed FY 83 budget* the likelihood that industry would 
undertake them* the impact of their not being done* and the more 
general issue of government support for aeronautics beyond the 
research phase. 
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TABLE 1 Aeronautics RST Profile, Fiscal Years 1973>1983 
(in FY 1983 dollars) 



1»73 

1874 

1875 

1874 

1877 

1878 

1878 

1888 

1881 

1882 

1883 

Mronautics R4D 

371. • 

388.2 

345.8 

334.5 

327.2 

344.1 

385.1 

404.0 

322.4 

254.0 

232.0 

R*M«rch and Tech- 
nology Base 

IM.7 

184.9 

173.5 

141.5 

154.1 

154.2 

140.0 

158.1 

158.8 

177.1 

182.0 

SysteM Technology 

187.1 

20 J. 3 

172.3 

173.0 

171.1 

207.8 

225.1 

244.9 

143.5 

74.9 

50.0 



FIGURE 1 Aeronautics RfcT Profile, Fiscal Years 1973-1983 
(in FY 1983 dollars) 
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TABLE 2 NASA Aeronautics r«T FY 1983 Budget 


Program 

Request 
to ONB 

NASA 

Reduced 

Budget 

Request 

to 

Congress 

R&T Base 

217.8 

203.5 

182.0 

Aerodynamics 

49.2 

45.2 

42.3 

Propulsion 

46.8 

49.8 

43.0 

Materials and Structures 

28.5 

31.8 

31.3 

Aircraft Controls and Guidance 

9.9 

13.9 

12.9 

Human Factors 

9.6 

10.6 

9.6 

Multidisciplinary Research 

6.6 

6.6 

3.5 

General Aviation/Commuter 

8.5 

— 

— 

Low-Speed 

12.4 

13.4 

12.4 

High-Speed 

36.5 

32.2 

27.0 

Transport 

9.8 

— 

— — 

Productivity Improvement* 

( 6.0)a 

(--) 

(--) 

Advanced Composite Materials R&T* 

( 4.0) 

(--) 

(--) 

High-Performance Military R&T* 

{ 4.0) 

(— ) 

(—) 

Systems Technology 

153.2 

92.5 

50.0 

Systems Studies 

2.9 

2.9 

— 

Materials and Structures 

3.1 

0.1 

— 

Integrated Program for Aerospace 

Vehicle Design (IPAD) 

1.6 

0.1 

— 

Aeroelasticity of Turbine Engines 

1.5 

— 

— 

Propulsion 

8.7 

4.2 

— 

Helicopter Transmission Technology 

1.5 

— 

— 

Critical Aircraft Resources/Broad 

Property Fuels 

4.2 

4.2 

— 

small Engine Technology* 

3.0 

— 

— 

Advanced Propulsion 

57.8 

16.8 

— 

Energy Efficient Engine 

17.0 

7.0 

— 

Advanced Turboprop Systems 

9.8 

9.8 

— 

Advanced Turboprop Systems Phase III* 

31.0 

— 

— 

Low-speed 

38.8 

38.3 

30.0 

Kctorcraft Operating Systems 

1.5 

1.5 

1.5 

Powered Lift Technology 

2.0 

2.0 

— 

Advanced Rotor System Technology 

5.6 

5.6 

5.6 

TRRA Systems Technology 

1.8 

1.8 



•New Initiative 

^Non-Add — Included in RST Base figures 
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TABLE 2 (Continued) 


Program 

Request 
to 0MB 

NASA 

Reduced 

Budget 

Request 

to 

Congress 

Advanced Rotorcraft Technology 
Xaow-Speed Simulation and Flight 

18.0 

18.0 

13.5 

Systems Support 

9.9 

9.4 

9.4 

High-Speed 

20.5 

19.5 

20.0 

High-Per£oi.mbnce Flight Research 
Highly-Maneuverable Aircraft 

9.1 

8.1 

13.3 

Technology 

Turbine Engine Hot Section 

1.1 

1.1 

1.1 

Technology 

10.3** 

10.3** 

5.6 

Transport 

21.4 

10.7 

— 

Laminar Flow Control (LFC) 

6.7 

— 

— 

Energy Efficient Transport (EET) 
Composite Primary Aircraft 

1.1 

1.1 


Structures 

2.0 

2.0 

— 

Terminal Configured Vehicle 
Transport Aircraft Composite 

7.6 

7.6 


Structures* 

4.0 

““ 


TOTAL 

371.0 

296.0 

232.0 


*New Initiative 

**Trans£ecred from Materials and Structures 
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Approach 


The panel net on April 15-16, April 30-May 1, and June 9-10, 1982. A 
team of NASA engineering executives briefed the panel and participated 
in discussions with the nenbers (^pendix B). The panel also received 
briefings froa representatives of the Aero^ace Industries 
Association, the General Aviation Manufacturers Asscciation, the 
Department of Defense, and the Federal Aviation Administration (FAA) , 
and it held informal discussions with representatives of the Office of 
Management and Budget and the White House Office of Science and 
Technology Policy (Appendix F) . 

The panel toot account of other National Research Council studies 
that dealt with NASA's aeronautics progreun, which include the 
Aeronautics and Space Engineering Board's seven volumes on NASA's Role 
in Aeronautics; A Workshop (1981) and its reports NASA's Aeronautics 
Research and Technology Base (1979) and NASA's Aeronautics Program: 
Systems Technology and Experimental Programs (1980) as well as the 
current Review of Advanced Technology Competition and the 
Industrialized Allies, in addition, the panel was informed of other 
current activities dealing with government support of aeronautics, 
including the White House Office of Science and Technology Policy's 
review of u.S. aeronautics research and technology policy and the 
hearings of congressional authorization and appropriations committees. 

The panel considered the NASA Aeronautics Research and Technology 
Program, addressing specifically the 13 Systems Technology projects 
originally proposed for continuation in FY 1983 and subsequently 
pressed for termination and the originally proposed six new 
initiatives that were subsequently excluded. These programs and their 
budgetary alternatives are shown in Table 2. 

in considering the individual progr^uBS, the panel has been charged 
with addressing the following questions. 

1. IS it necessary for the government to bridge the gap between 
the aeronautics Research and Technology Base and early application 
with regard to safety, national defense, efficient transport, and the 
national economy? 

2. What is the outlook for success and what are the time horizons 
of those projects excluded from the proposed FY 1983 budget? Would 


10 



11 


industry undertake these projects (now or later) if governaent does 
not do thea — and on what basis? 

3. If neither governaent nor industry undertakes the projects 
noted in question 2> what will be the iaq;>act with regard to safety* 
national defense* efficient transport* and the national econoay? 

4. What should be the priorities within NASA's Aeronautics 
Research and Technology Prograa? 

The panel notes that within the RST Base NASA proposes to 
redistribute the activities encompassed in the categories of General 
Aviation/C(»iButer and Transport to appropriate discipline-related 
categories* as the latter already include research a^^licable to these 
areas. 

In considering its charge* the panel adopted the following 
procedure. 

o Describe* for each individual project or initiative* its 
objectives and status derived from NASA documentation and give the 
panel's findings. 

o Combine in a summary table the assessments for excluded 
projects* including the panel's rating of priorities as requested in 
question 4. 

o Discuss question 1 and other concerns of a general nature 
separately (see Chapter 5* "Bridging the Gap") . 

Judgments regarding the criticality of individual programs were 
influenced by the degree of coi^letion of the program* the likelihood 
of success of the present activity* and in severely cut programs 
whether continuing work could appropriately be considered for 
inclusion in the RAT Base. Other fundamental criteria for assessing 
criticality are discussed in Chapter 3* "Considerations Affecting the 
Review." 

With respect to question > of the charge* the panel noted the 
detailed assessment of the NASA aeronautics program provided in the 
seven-volume workshop report of the Aeronautics and Space Engineering 
Board and limited its own prioritization to ratings of high* medium* 
and low. In many cases where the panel recommends that elements of a 
program be included as an essential part of the RAT Base* no priority 
rating has been assessed. Programs with continued funding* limited to 
the low- and high-speed systems technology areas* are not considered 
in the detailed technical discussions. 

Two additional topics discussed by the panel, the role of NASA 
system studies and possible joint industry R&D programs* appear as 
Appendixes G and H. 
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Considerations Affecting the Review 


The request from the congressional committees asked that the review 
evaluate* among other things* "the national criticality of these 
programs." Determining the national criticality of NASA programs in 
the broadest sense encompasses issues of economics* politics* and 
national security. In each of these areas* there are widely divergent 
views on theories* doctrines* and policies extant not only among the 
experts but in the body politic at large. The time and effort 
available for an in-depth examination of these issues by the panel 
were extremely limited by the brief period allowed for this review and 
precluded any attempt at extensive analysis of major issues in a 
fundamental way. 

The panel therefore undertook to address the question of national 
criticality in as narrow a context as could reasonably meet the main 
purposes of this review. To this end* the members recognized the 
relatively immediate nature of the NASA program decisions involved and 
assumed that disruption of a major and relatively healthy national 
industry through abrupt changes in the ground rules by the government 
without time for the planning and is^lementation of alternative 
courses of action to compensate for these changes would not be in the 
national interest. Accordingly* national criticality was judged in 
terms of the need to ensure that R6D program decisions made nr>w do not 
foreclose the timely availability of future options to meet rational 
requirements and the need to avoid possible major negative effects on 
the important contributions of NASA and the aerospace industry to the 
national economy* the national defense* and the national 
transportation system. 


U.S. AERONAUTICAL R&D AND THE AEROSPACE INDUSTRY 

Aeronautical RSD and the aerospace industry in the United States are 
characterized by a history of undisputed success in aeronautical 
research and industrial technology under the existing division of 
labor among NASA* the Department of Defense* universities* a.id 
industry. Industry has carried the major burden of RSD for civil 
transports such as the Boeing 757* engines such as the Paw JT9D* and 
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general aviation such as the Lear Fan 2100, and this asKMants to a 
substantial ongoing investnent. At present, the United States' share 
of coranercial jet aircraft in airline service worldwide is about 90 
percent. Aerospace exports in 1981 stood at $16 billion ($14 billion 
civil) and accounted for about 10 percent of all U.S. exports of 
nonagricultural cossaodities. U.S. nilitary aircraft are in high 
demand throughout the non-Comunist world and exports are limited by 
government policy more than by demand. These military aircraft have 
shown substantial margins of superiority in the limited combat 
engagements that have occurred. While many factors other than the 
direct contributions of RSD are involved in these successes in civil 
and military aircraft development, production, and sales, R4D and its 
effective transition to industrial applications have played an 
essential part in achieving the present U.S. prominence in the world 
marketplace for aircraft. 


THE WORLD SCENE IN GOVERNMENT SUPPORT OP AEROSPACE PROGRAMS 

For reasons of importance to national defense and prestige, and 
because of potential benefits to transportation, industrial 
development, and the economy, most of the highly developed nations 
have, since the World War I era, supported national RSO establishments 
in aeronautical technology.^ 

More recently, the involvement of foreign governments in 
supporting the aerospace industry has greatly increased, going well 
beyond direct support of RSD. In England ar.-^ France, the major 
elements of the industry have been nationalised. In Germany and the 
Netherlands, there is substantial government ownership and subsidy of 
the principal companies. Moreover, in the civil transport sector 
there is a sort of international cartel developing in Airbus 
Industries, with its A-300, A-310, and proposed A-320, which preempts 
purely national developments with political and to some extent 
economic pressure applied to keep other countries from undercutting 
the cartel. The trend toward cartalism is thus to some degree counter 
to technological nationalism, which is also developing througho*'t the 
world, not only in aerospace industries but in other high-technology 
industries, such as microcircuits, microprocessors, and computers. 
Government subsidies in civil transport devel<^ment (and some other 


^Examples (in their current incarnations) are the Royal Aircraft 
Establishment (RAE) in England, Office National d'Etudes et de 
Recherches Aerospatiales (ONERA) in France, Deutsche Forshungs und 
Versuchsanstalt fur Luft und Raumfahrt (DFVLR) in Germany, Nationaal 
Lucht und Ruimtevaartlaboratorium (NLR) in the Netherlands, 
Flygtekniska Forsoksanstalten (FFA) in Sweden, and NASA in the United 
States. 
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high-t«chnology products) go far bayond aarly stagas of R&D, axtanding 
to tha nonracurring costs of tha SAnufacturing^ invantory costs, and 
marketing costs and including low-intarast loans to buyers. 

Furthermore, since many foreign airlines are thesMelves 
nationalized or have other significant gov<rnaient financial 
involvement, their choices of aircraft are subject to political 
pressures, tie-in sales of desired military equipment, and trade 
preferences and concessions made by governments. All of this is a far 
cry from a free market in civil aircraft sales. 


RATIONALE FOR GOVERNMENT SUPPORT OF AERONAUTICAL R«0 

As long as no general political decision has been made in this country 
to attempt to compete in similar terms with the growing tide of 
foreign state capitalism, technological nationalism, and creeping 
cartelism in the aerospace and other high-technology industries, the 
panel is in substantial agreement with the principle (expressed in the 
Office of Management and Budget's Special Analysis K) that "technology 
development and demonstration projects with relatively near-term 
commercial applications will be curtailed as an inappropriate federal 
subsidy." However, the interpretation of this principle in 
application to specific programs poses many difficult questions. 


Commercial Versus Military 

In the earlier stages of RfcO, the problem in the aerospace industry of 
defining what is "commercial” is difficult. Traditionally, the 
military forces of the United States have derived substantial benefit 
from commercial transport development, ranging from outright adoption 
of versions of civil models (e.g., DC-3/C-47, DC-4/C-54, Lockheed 
Electra/P-3, and DC-lO/KC-10) to the development of specialized 
military transports based on state-of-the-art civil transport aircraft 
and engine technology (e.g., C-130 and C-141) . Implicit in this 
military dependence on commercial transport develo{Hnents and 
technology has been the underlying expectation that U.S. civil air 
transport represented a highly advanced level of attainment at any 
given time, so that little additional benefit could accrue to the 
military from undertaking more advanced transport developments on its 
own. 

Actually, the exchange of technology between military and civil 
aviation in any country and worldwide is a complex interactive 
process. The situation is best described as the symbiotic nourishment 
of a common pool of technology that serves both military and civil 
needs, with each field of application not only drawing on the pool but 
also constantly replenishing it through RtO to support the broad and 
specific objectives of improving the performance, economy, 
reliability, and maintainability of aircraft and engines for civil 
transports and military combat aircraft. This interaction is nowhere 
stronger than in the engine field. 
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The military davelopmant of tha high-bypaas TT-39 fan angina for 
tha C-5 is an intarastlng casa. In tha aarly 1960s, it vat claar that 
for tha naw vary haavy logistics transport naadad by tha military, a 
major advanca in vahlcla affactlvanass could ba aohiavad by using tha 
high-bypass fan angina, which was just than pasting tha thrashold of 
tachnical faasibility. Although tha commarcial advantagas wara also 
obvious at that time, no development of such an angina for commercial 
purposes was yet in prospect, so the military impetus pushed tha 
development through (competitively, including General Electric and 
Pratt k Whitney in a technology and demonstrator engine phase) . Tha 
losing airframe and engine cos^titors, Boeing and Pratt a Whitney, 
launched tha commercial 747 wida-body jet transport program. Other 
wide-body transport programs such as the OC-10, L-1011, and Airbus 
followed, most of which used engines derived from the military 
demonstrator engines. (Rolls Royce, in a fierce effort to remain 
competitive for transport engines, developed the RB-211 later, which 
was used in the L-1011; but it found much less widespread application 
than did the GECP6 and the P&W JT9D.) 

The helicopter field is another one where the line between 
military and civil technology is hard to draw, and there is virtually 
no new field of this technology currently under investigation which 
does not have both military and civil applications. The tilt-wing 
aircraft currently under investigation at NASA is an example. There 
is no way to judge at this time in what sphere the best and earliest 
applications may be found. 

Turbopropeller engine applications may well be viewed as limited 
to civil transport, but it is equally likely that a tactical 
Intratheater transport (a C-130 replacement) or a long-range naval 
patrol aircraft (a P-3 replacement) may be the sK>st attractive use of 
that technology. Similarly, the use of conqposite primary structures 
on large aircraft may be seen as having its greatest likely payoff in 
civil transport, but its use for long-range and long-endurance 
military aircraft for the missions already mentioned, for new 
missions, such as the continuous patrol aircraft basing mode (which, 
although now abandoned for the MX, is still under consideration in 
other missions) , or for strategic command and control is a likely 
possibility. 

In judging the priority and desirable timing of NASA programs, the 
panel gave attention to both military and civil applications. When 
particular programs seemed likely to serve military and civil ends and 
to fall with the existing divisions of responsibility and effort 
between the Department of Defense and NASA, the panel considered them 
appropriate NASA programs. 

Near Term Versus Long Term 

It is often difficult to predict in what time frame a new development 
may occur. In fact, the emphasis given to a new technology in RSD, 
including the demonstration and confidence-building phases, may be a 
primary determinant of when the new technology is ready for 
application. Thus, the Department of Defense RSD program in 
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higb-str«ngth coiq>oslte structurts (baaed on boron fibara but 
aubsaquantly expanded to include carbon and other flbera) began in 
1963. Aggreaaive purauit of thia prograa in a joint 
governiaent-induatry prograa reaulted in the uae of a boron fiber 
coapoaite horiaontal tail aurface in an operational aircraft^ the 
F>14, in leaa than 10 yeara. A conatantly expanding doaain of 
application haa follo«»ed aince then. Without an aggreaaive R60 
prograa. the tiae to firat application aight well have been twice aa 
long. 

NASA'a recent diacovery of the value of wingleta for drag 
reduction haa found alaoat iaaediate poaaibilitiea for application in 
ailitary aircraft, civil tranaport. and general aviation aircraft. 

Yet there is little doubt that it waa appropriate for NASA to have 
worked on it. The aupercritical wing ia yet another recent NASA 
technology advanceaent that found relatively quick acceptance and 
application to a wide range of aircraft. 

The real isaue in theae developaenta that warranted aupport in the 
NASA prograa waa the degree of innovation involved, the broad 
applicability possible, and the extent of developaent. deaonstration. 
verification of concept, and validation in an operational environaent 
required before the next concept, coaponent. or device could be 
incorporated with acceptable technical and econoaic risk in the 
production of civil or military aircraft. These characteristics were 
generally given heavy weight in the panel's determination regarding 
the appropriateness of specific NASA programs, especially those 
designated as "systems technology." 

A further consideration in regard to technological developments of 
broad application is that, unlike NASA, industry is highly cos^titive 
and has proprietary interests; hence, the diffusion of its technology 
IS considerably slower than that produced under NASA auspices. 


PROGRAM DEFINITIONS AND "PACKAGING" 

The fields of applied engineering science relevant to aeronautics may 
involve theoretical and experimental work ranging across the entire 
R6D spectrum, from the fundamentals of physics and chemistry to design 
and testing of full-scale structures and vehicles. One of the great 
strengths of NASA (and its predecessor, the National Advisory 
Coaaittee for Aeronautics or NACA) in aeronautics has been that, short 
of developing specific vehicles for sianufacture and operational use. 
there has been no liaitation on where in the spectrum of RSD it aight 
conduct its research. Its staff and facilities have been engaged in 
efforts to support ongoing military and civil developments as well as 
in programs to seek longer-range advanceMnts in the performance, 
economy, and utility of a broad range of air vehicles. 

The characterization of the various stages of aeronautical R&D as 
fundamental or basic and *pplied research, development, or technology 
is to a considerable extent arbitrary. Technology itself covers a 



17 


rang* from th*or*tical analys*a and saall-acal* laboratory •xp*rla*nt* 
to conplet* syaten daaigns and manufacturing proc*as*a. All larg* 
organisation*, and *sp*cially th* govcrnmant, hav* a t*nd*ncy to us* 
c*rtain t*rminologi*s for purpos** of budg*ting and controlling 
programs, t*rminologi*s that by historical evolution th* organisation 
has acc*pt*d but that do not hav* any transcsndsntal or universal 
significance in the R*D process. 

Moreover, if some particular sphere cf application is favored at a 
given time, projects having multiple applications will tend to be 
described «s having primarily the favored application. For exasipl*, 
during the 1970s, and particularly after fuel price rises and 
shortages precipitated the energy crisis and affected civil transport 
economics ceverely, this phenomenon caused NASA's justifications for 
programs to gravitate toward transport aviation and fuel efficiency. 
Yet efforts to reduce drag, structural weight, and engine-specific 
fuel consunqption have been the main thrusts of aeronautical R&D since 
the dawn of aviation and remain the essential factor* in 1 tcreasing 
operating efficiency. 

Thus, the contents of individual programs must be examined ab 
initio to remove purely semantic factors from program assessments. 


NATIONAL ECONOMIC AND BUDGETARY CONSIDERATIONS 

As already noted, there are many widely divergent views held both by 
experts and others within the government, in its executive and 
legislative branches, and by the public concerning economic theories 
and policies that should be applied in determining appropriate 
government activities in rupport of civil applications. The panel did 
not attempt to arrive at a consensus on these major national economic 
issues but dealt with the economic aspects of specific NASA programs 
on a more pragmatic basis, which is described above and in Chapter 5, 
"Bridging the Gap." However, in the panel's judgments on the economic 
value of NASA programs, it did attempt to take into account the 
following general economic and budgetary considerations. (A specific 
discussion of the impact of NASA aeronautics programs on the national 
economy is given at the conclusion of Chapter 4.) 

In economic terms, research often constitutes a public good and, 
as such, clearly merits a claim on public resources. Hottever, such a 
claim is not valid for all forms of research or for unrestricted 
resources. Those who request or recommend that resources be committed 
to a specific area of research have an obligation to analyse and to 
limit rigorously their requirements. 

Trends in the budget over time, however, allow a case to be made 
that expenditures in discretionary areas have fallen as a percentage 
of the budget over the last 20 years and will fall further over the 
next several years. Such a shift of exposition inevitably squeeses 
expenditures such as research, where returns occur over time and 
cannot be stated with precision. There is a danger that research 
expenditures will inexorably bo driven from the budget as incremental 
exparisons are made with expenditures that seem more coa^lling at 
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th« tlM. Th« co«|Niriaon of roMoroh vorsus buMn roaourc* 
•xpondlturos constitutos an oxtroMly difficult dilciKx. 

Rtaoxcch, davalopMnt, and coaaarcialixatlon axpandituraa 
rapraaant a continuum. At aoM iapcaciaa point in tha continuum# 
public axpandituraa rapraaant baaic# fundamantal# or ganarlc raaaarch 
and aa aush ara highly a^ropriata. At other pointa, axpandituraa ara 
claarly more appropriately and efficiently undartakan by tha private 
aactor. Thera ia a gray area between thaaa pointa where tha 
appropriatanaaa of public axpandituraa variaa with tha o|^portunity# 
tha atata of tha acononv# *nd international compatitivanaaa. 

National c<Mq>atitivanaaa ia nacaaaarily an iaportant 
conaidaratlon. In an imperfect world economy# nationa do and will 
aupport major induatriaa through raaaarch in order to keep or develop 
joba or axporta. The United Stataa muat remain aware of thaaa tranda 
and be prepared to cope with them. 

But in tha final analyaia oura ia a mixe^d economy. Competition 
for public raaourcaa ia extremely aharp# and we muat depend on private 
aactor raaaarch. Corporationa cannot depend on tha public aactor to 
carry their raaaarch burden and muat be prepared to taka raaaarch 
riaka and develop new invaatment laachaniaiM. Accelerated coat 
recovery, aafe harbor leaaing, and reaearch and development 
partnerahlpa are all recent policy developmenta that ahould increaae 
the rate of return to capital inveatment and# therefore, provide a 
atimulua for private aector reaearch. However, the net effecta of 
theae recent changea in economic factora cannot yet be definitively 
evaluated. 
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Programs Excluded from the NASA FY 1983 Budget 


An •xnainatlon of th« spocific prograas and Inltiativas that hava baan 
raducad or dalatad in tha FY 1983 budgat appaara on tha following 
pagan. Tha thraa aajor funding lavala that hava baan propoaad for 
aach prograa ^ppaar In Tabla 2. Tha panal haa co.'<sldarad collactlvaly 
tha thraa prograaa daaling with coagtoalta Batarlalsi otharwisa tha 
ordar followa that of tha budgat axplanation in Tabla 2. 8tacaaanta 
ragarding program objactlvaa and status ara darlvad from NASA 
docuaants and briaflngs and from alaboratlon sought by indivldusl 
panal aaadMrs froai apprc^rlata NASA raprasantatlvas. Thay do not 
raflact the panal 's vlaws» which ara containad solaly in tha findings. 

Tha category labalad by NASA as Systaas Studias has not baan 
considarad as an individual projact. Wta panel baliavas that such 
papar studias ara assantial to NASA, to tha Japartaant of Oafansa, and 
to industry for tha purposa of idantifying potantial naw araas of 
aaronautics rasaarch and tachnology, but that funding for thaa is sK>ra 
properly included within tha relevant disciplines or technology 
araas. (Saa Appendix G for a further discussion of Systaas Studies.) 

For seas projects, the distinction of tb ir label batiraan Systaas 
Technology studias and Rasaarch and Technology Base studias is not 
clear-cut. NASA proposes to undartaka within tha RAT Base soaa work 
associated with a few of tha excluded projects, and tha panal itself 
has considarad certain other projects as equally appropriate to tha 
RAT Base. 


RAT BASE 

Facility Productivity laprovaaant Frograa 
(Aarodynaaics — Naw initiative) 

Bacausa of govarnaant regulations, laprovaaant and updating of data 
acquisition and processing systaas cannot be supported under 
Construction of Facilities funding. Over the years, tha 
rehabilitation and aodarnisation of existing facilities and tha 
supporting dats acquisition and processing systaas hava baan 
inadequately funded. This initiative was an attai^>t to reverse this 
trend with 88 aillion in tha first year directed toward providing 
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•quipMnt and syataM to iaprova tha productivity of two nationally 
iaportant unique wind tunnel facilitiea* naaely tlie Tranaonic Dynaaic 
Tunnel and the Icing Reaearch Tunnel. 

Procraa Deacription and Statue 

Object ivee To increaae the overall annual throughput 70 percent by 
ahortening ei^eriaent aet-up, inatallation, and reaoval tiae« by 
autoaating facility and experiaental ayateaa, and by increasing 
real-tiae data proceasing and reduction. In the first year# a 
real-tiae data acquisition systea was planned for the Transonic 
Dynaaics Tunnel at the Langley Research Center. Also in the first 
yearr the Icing Research Tunnel at Lewis Research Center would receive 
an improved water spray systeti, electrical power supplies, a force 
balance systea, teaperature and exhaust control systems, and 
rehabilitation of the steaa systea. 

To Date Initiative denied. 


Findings 

These major aeronautical facilities are iaportant national resources. 
In recent years, nonscheduled equipment maintenance time has increased 
and operating hours and occupancy hours have necessarily declined, 
while backlogs a<** building to the point where waits of 20-30 aonths 
are typical. The safety implications of aircraft icing research 
cannot be overemphasised. The panel regards this as the type of 
expenditures that cannot be deferred indefinitely. There is virtually 
no technical risk associated with these facility iaproveaents. 
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COMPOSITE MATERIALS AND STRUCTURES 
Description of Advanced Composites 

Composites are engineering materials that result froa combining ttfo 
aaterisls in such a way that new or better properties are obtained 
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from th« coabination. Rainforcad concrata strocturaa and fibacglaaa 
boata ara two auccaaaful currant uaaa of eoaiposita auitariala. 

Mvancad conpoaitaa for aaroapaca an^licatlona typically oonslat of 
carafully oriantad continuoua fibara of carbon/grapbita aabaddad in a 
polynaric raain auch aa apoxy. Kavlar and boron ara otbar typical 
fibara, and polyiaiidaa provida anotbar typa of raain. Rdwancad 
coapoaitaa of far a variety of banafits to aaroapaca atructuraa. tba 
■oat notable being tba poaaibility of a weight aavinga of 30 percent 
or aora. Otbar banafita include a fraadon fron corroaion, a fatigue 
life vaatly batter than that of aatala, and the pocaibility of 
tailoring prqpartiaa to aaat ^pacific load raquirananta by 
praaalacting tba diractiona in wbicb tba reinforcing fibara ara 
oriented. Advanced coapoaitaa ara being uaad incraaaingly for lightly 
loaded aeroapaca atructuraa, and raaearcb ia under way to provida the 
technology needed to wake large prinary atructurea capable of handling 
heavy loads. 

Infomatlon regarding the three NASA prograna on coapoaite 
■aterials and structures follows. 

Advanced Coaposites Research 
(RAT Base — New Initiative) 

Progtan Description and Status 

Objectives The proposed Advanced Coaposites Research Program 
addresses the development of (1) second-generation composites 
involvi''^ new, tougher resin matrix materials, improved mechanical 
properties, and increased environmental suitability i (2) 
high-temperature resins, including curing mechanisms, improved room 
and nigh temperature mechanical properties, and high-temperature 
oxidation resistance; and (3) high-teaperature coaposites, including 
fiber reinforcement of superalloys (metals) . 

To Date Initiative denied. 
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Combined findings appear at the end of the description of the three 
composites programs. 
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Coapositc Pri— rv Aircraft Structuf (CPAS) 
(Tran^ort) 


Proqraa Deacription and Status 

Objectives To develc^ coaposites technology for secondary and aediiai 
prinary transport aircraft structures and to provide a data base that 
will perait safe and effective use of lightweight coaposites in 
advanced transport aircraft* 

To Date Nith $88 million expended and 1983 scheduled to be the last 
year of this portion of the Aircraft Energy Efficiency (ACEE) program, 
stiffness-critical coaposite structure is now considered to be 
state-of-the-art and new aircraft are incorporating this technology; 
B-7S7, B-767, and Lear Fan 2100 are in the certification process. 
Secondary structure components have been certified and are in flight 
service. Coaposite aediua/priaary structure cca^onents are now 
completing ground test and certification programs. Success can be 
measured by the weight saved in various aircraft coaponentst the 
L 1011 vertical fin had 28 percent weight saved (ground test in 
progress) ; the B-737 horisontal stabilizer had 22 percent ifeight saved 
(awaiting FAA certification). 

Impact of Cancellation While technologies developed under this 
program are already in use and dozand is iocreasing as airlines gain 
experience with cosqposites, the program is not yet completed and the 
technology base for the use of con^sites has not been completed. 
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Combined findings appear at the end of the descriptions of the three 
coaposites programs. 


**There has been some application in new aircraft. 
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Traniport Aircraft Oo«po»it« Structufi (TAGS) 

(Transport — Naw Initiativa) 

Progtaa Daacription and Status 

This prograa was plannad to follow tba Coi^posita Primary Aircraft 
Structuras (CPAS) Program to usa the coafwsita tachnology dawalopad 
for sacondary structuras and madium primary structuras as a basa on 
which to devalop tha tachnology for vary larga» baavily loadad 
structures such as transport aircraft wings. 

Obi actives (1) To provide an independent data base for composite 
primary structures technology for design verification and 
certification. (2) To develc^ design, analyses, and test procedures 
to evaluate coaposite primary structure designs and verify benefits, 
integrity, and durability. (3) To develop technology for 
large-dimensioned, highly loaded cosqposite structure. Multiple 
designs «rere planned, focused on major technology issues such as fuel 
containment, electrical conductivity, lightning strikes, environMntal 
effects (rain, hail, ice, ultraviolet radiation) , and interior 
accessibility, and independent evaluations were planned of design and 
test methodologies in large-scale structural systems tests. 

To Date Initiative denied. 


NECBS- 

WOULD INDUSTRY 

POTENTIAL IMPACT 


OUTLOOK 
FOR TECH- 

SARY 

UMDEETAKE 

Nat. Eff. Nat. 


MICAL 

Yes/No 

Now Later Never 

Safety oef. Tport. Econ. 

PRIORITY 

SUCCESS 

Y 

X 

H M H H 

H 

GOOD 


Combined Findings Regarding Composite Materials and Structures 


The panel regards research on advanced aircraft composite structures 
to be of the highest priority among all of the unfunded programs. 

The ACEE composite Primary Aircraft structures Program has been 
highly successful thus far by contributing significantly to an 
accelerated acceptance of coi^>osites in many aircraft structural 
applications. The scheduled wind-up of this program in 1983 will 
c<Mplete the original plan, making available information still needed 
for airline and FAA acceptance and certification of composite 
structures for both secondary and primary structural applications. 

The panel supports both of the proposed new initiatives in 
aircraft composite structures, which are designed to su^ly research 
in different but related areas: (1) primary composite structures 

design approaches, alternatives, and a technology data base; (2) 
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research and understanding of the critical technologies for 
second-generation coai{>osite structures having lighter weight, nore 
ruggedness, and higher tei^rature capabilities. 

Froai a safety standpoint, the panel regards NASA's work in 
coaposites as essential to provide an independent data base for FAA 
certification requirenents. In addition, these projects are viewed as 
having high potential iaipact on efficient tran^>ort and the national 
economy and moderate ii^>act on national defense. The outlook for 
technical success of these projects is good. Although some composite 
structures are being used in some new aircraft, it is unlikely that 
industry tfould undertake projects such as CPAS and TACS in the near 
future, and the time element is i^;>ortant. 


R4T BASE 

Hiqh-Perfo .-nance Military RtT 
(Aeronautics — -New Initiative) 

Program Description and Status 

Objective This progr^uB represents an enhancement of other 
high-performance activities and is aimed at aerodynamic integration 
for advanced missions such as supersonic cruise and maneuver, stealth, 
and Short Takeoff and Landing (STOL) . The five parts of the program 
are (1) analyses to include estimates of aerodynamic performance and 
stability /control and correlations with wind tunnel results; 

(2) cosiputations to apply existing aerodynamic codes and, if required, 
develop new codes for advanced unconventional configurations; (3) 
ground-based piloted simulations to assess handling qualities, 
including effects of integrated flight/propulsion controls; (4) use of 
ground facilities such as altitude chambers at Lewis Research Center 
for tests of new inlet/nozzle concepts and high temperature materials, 
and (5) wind tunnel tests to emphasize supersonic cruise, transonic 
maneuvering, and low-speed stability and control. 

To Date Initiative denied. 


Findings 

The panel regards this program as one where NASA has an important role 
to play in basic research and technology. NASA should be at the 
"cutting edge" in designing experimental methodology and analyses. 
While industry may have the capability and some of the facilities to 
undertake a portion of this work, their efforts can be more 
productively applied to configurations and systems design, in the 
panel's view, the sum of such individual efforts would not equal the 
effectiveness and possible payoff fr'>m NASA's undertaking and 
coordinating these activities. These technologies are seen as 
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critical to national sacurity, and banco ara conaidarad of hi^h 
priority. Tha outlook for tacbnical tuccass is good. 
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MATERIALS AND STRUCTURES 

Inteqratad Progran for Aerospace Vehicle Design (IPAD) 

Proqras Description and Status 

Original Objactive To inqprove engineering productivity by developing 
technology and coiqputer software for nanageaent of integrated design 
and manufacturing data (project~level engineering and manufacturing 
information) . 

Original Results Expected (1) IPAD data management to be established 
on CDC and IBM host cos^uters. (2) Data base requirements to support 
Air Force Integrated Ccmuputer Aided Manufacturing (ICAN) effort. 

Revised Scope Data management software technology will be limited to 
single host computers and there will be no nettforking capability. 

Impact of Cancellation Program funding was reduced in FY 1982 and 
deleted as a specific line item in FY 1983. Development of technology 
and software for multiformat crmpany-wide data base management will be 
limited to a single host computer system without geometry capability; 
data Mnagement of the Air Force ICAM program cannot be supported; 
computer networking capability will not be developed, nor will key 
elements of this techiwlogy be transmitted to industry. 


Findings 

The panel recognises NASA's contributions in computer-aided design and 
manufacturing areas but finds that industry is rapidly assuming this 
activity. Even im>w, industry is working to iiMSlude procureawnt and 
fiscal and quality assurance in addition to engineeriiig and 
manufacturing design. While the goals of the program can be considered 
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hi 9 h in national iaportanca with a good outlook for suceasa^ tha panal 
f Inda that at thia ataga aoaia laval of affoct in tha R6T Baaa> but not 
nacaaaarily that propoaad by NAShr would ba a^r^riata. 


NECES- 

WOULD INDUSTRY 

POTENTIAL IMPACT 

OUTLOOK 
FOR TECH- 

SARY 

UNDERTAKE 

Nat. Bff. Nat. 

NICAL 

Yea/tio 

Now Later Never 

Safety Def. Tport. Soon. 

PRIORITY SUCCESS 


X 


GOOD 


Aeroelasticity of Turbine Enginas 
Proqraa Deacription and Statue 

Obiactive To develop verified analyaia methoda for prediction of 
flutter onaet for varioua turbine engine operational regiona and 
techniquea to predict and ainiaiae aeroelaatic vibration effecta in 
turbine enginea. 

To Date The fundaaental data for rotor vibration nodes using rotor 
spin rig tests have been acquired and analytical predictions have been 
verified. The capability to predict onset of flutter for various 
engine operational regions (subsonic, transonic, supersonic) has been 
verified. The concept of nistuning rotor blades to control forced 
vibration response levels has been analytically denonstrated. 

Inpact of Cancellation Program funds were reduced in FY 1982 and 
deleted as a specific line itea in FY 1983. Although this work will 
be si^ported in the RST Base at a nininun level, contracts and grants 
supporting analytical requirements for forced response analysis will 
be United. Development of coupled aerodynamic-structural engine 
dynamic analysis capability, not yet available in industry, will be 
extended through the late 1980' a. Concept studies for minimising 
engine vibration response levels will be reduced in scope. 


^An asterisk denotes that some level of effort within the RST Base 
is appropriate. In most of these cases, priorities are not assigned. 







27 


Findiiw 


Tht long history of ongino structural fsllurss dMonstrstss that 
safety is coupled vith engine reliability* with vibrations* flutter* 
and distortion affecting that reliability. Industry believes that it 
has sufficient tools to avoid Major problsMS with oos^ressors and 
fans) analysis is checlced by Model tests and then in devel^Ment 
coMponent and engine tests at sea level and altitude. Although there 
are soMe surprises* they are worked out during develqpMent and early 
production at Moderate cost to industry. The panel concurs that a 
Modest effort in the NASA RiT Base is appropriate* preferably 
concentrated on new areas and probleas. 
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PROPULSION 

Helicopter TransMission Systens 
ProqraM Description and Status 

Oblectives This prograw was designed to reduce the weight* sise* 
cost* maintenance* and noise of helicopter transMission systens with 
technology transfer and infomation exchange achieved through 
out-of-house participation. Advanced Mechanical coeponents and 
lubrications technology were to be validated* and new generic 
conputational analysis Methods were to be developed. 

To Date This transMission work is a joint effort with the U.S. Ari^ 
Research and Technology Laboratory located at the NASA Lewis Research 
Center and is prinarily directed toward Arny requirenents. A portion 
of the progran involves contract fabrication of an advanced 500 hp 
transMission by Bell Helicopters* from which data will be shared. 
Another part of the prograM uses the NASA/Lewis UU-60 assets. This 
3000 hp transMission facility provides a data base for lubricants* 
vibration* noise* efficiency* and stress for new systens and for 
modifications to current ones. The program calls for testing of 
single and twin input* split torque* and hybrid transaissions. At 
this tine* NASA has participated in the progran in the amount of 
approximately $7 alllion. 
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lK>«ct of Cmc«ll>tlon Ptogrui fund* w«r« r«duc«d in PY 1982 and 
d«l«t«d a* a apacific lina itaa in FY 1983. Nithdiaval of NASA will 
atcatcb out tha progran oc raquica an inoraaaa in Any funding. It 
will dalay davalop^ t of naw teanaaiasion daaigna that raflact aajoc 
advancaa in waight and oonpactnaaa for futura halicoptara. Howavatr 
it ia antioipatad that tha prograa will ha aupportad in part with RAT 
Baaa fund*. 


Finding* 

Mhila tha aain thruat of thia prograa haa baan toward Military uaa, an 
application to civil aircraft ia anticipatad. A NASA withdrawal would 
Man tha raaoval of trainad, axpariancad raaaarch anginaar* froai tha 
prograa, with a corrcaponding dacraaaa in chance* for auccaaa. The 
potential iaipact of thia prograa with raqpact to the criteria 
aatabliahad ia moderate. The outlook for technical auccaaa ia good. 

It i* unlikely that induatry would undertake auch a project in the 
near future. 
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Critical Aircraft Reaource* 

(include* completion of Broad Property Fuel*) 

Program Description and Statu* 

Objective* To provide focused technology aimed at relieving the 
United States of supply instabilities and cost escalations associated 
with aviation turbine fuels and strategic Mterials. 

To Date Completion of Broad Property Fuels Phase I included tests of 
production and advanced cosUsustor concepts operating with 
broadened-property fuels; initial comparisons with jet A indicate a 
significant increase in liner temperatures for production combustors 
when using broadened-property fuels; advanced double annular combustor 
concepts demonstrated sensitivity to reduced fuel hydrogen content. 

Impact of Cancellation It will eliminate angina system evaluation and 
full-scale verification tests of naw fuel-flexible combustor concepts, 
with the remaining work being scaled down to include only component rig 
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tests. Also slisdiMtsd scs asjor sugasntstions in tbs stss o£ 
Altscnstivs Fuels end Stretegio Msterisls* the goals of which were to 
establish a detailed understanding of fuel property variations on 
advanced generic engine/aircraft fuel systea technology and to achieve 
a 30 percent reduction in the use of strategic elenents in turbine hot 
section ooavionents. 


Findings 

U.8. dependence on nondonestic sources for fuel and atrategic 
■steriala nakes this a timely field, however* the fuel definitions 
and timing are unclear. A modest effort in the RST Base is 
appropriate* but the work on developing new ooadsustor concepts with 
full-scale engine tests may be premature. Complementary work being 
sponsored by the Department of Defense to broaden JP 4 and JP 5 fuel 
specifications and explore the use of shale oil is noted. As 
economies in production and distribution systems coi^mI use of a 
broader range of fuels* implications for air safety will need to be 
thoroughly researched. The panel finds that research on fuels is an 
appropriate area for governawnt leadership in establishing goals and 
sponsoring RSD since there is little incentive to industry except in 
areas of possible cost reduction. 
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Small Bnaine Component Technology 
(New Initiative) 

Program Description and Status 

Objectives To provide advanced component technology for low-thrust 
engines intended for potential application to future rotor craft* 
commuter and general aviation* and cruise missile propulsion systems 
(300-4*000 shaft horsepower [shp]). This program would seek to 
develop a fundamental understanding and analytical data base for 
steady and unsteady flows* combustion* and heat transfer i to simplify 
designs* thereby reducing costs; and to improve thersal efficiency for 
a 20 percent reduction in specific fuel consusption. It includes 
detailed coagx>nent flow mapping* development and verification of 
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coBputAtional Mthods* and avaluation of ^pacific adaanoad ooaponant 
tacbnologiat and conoapta. Milaatonaa plannad for thia prograa ara in 
FY 198 5 r coaponant analytical daaipn taohniquaa to ba astabliahad 
using both coaputational and a^variaantal aatbodsi in FY 1987* 
co^plation of design varification tasting of advanced technology 
angina coaqponants} and in FY 1988, verified analytical codaa available 
for Industry. 

To Data Initiative denied. 


Findings 

Several substantially different engines are in the category of ssuill 
engines: 300-600 shp general aviation prop power, 500-800 lb thrust 

military cruise missiles, and 850-4,000 sl^ civil and military 
helicopter/turboprop propulsion. 

There is a need for improved small general aviation engines in the 
under-500 shp category. Of special interest are engines with an 
intermittent combustion cycle that burn kerosene instead of gasoline. 
This NASA program does not appear to address the latter category, but 
the panel was informed that NASA is conducting appropriate and 
iaqportant %iork in the RAT Base. 

There are several 850-5,000 sl^ military and commercial engine 
developments under way or planned in the United States and 
overseas — e.g., Pratt A Nhitney's PT7/CWlbO series. General Electric's 
T700/CT7, and the U.S. Army's planned 5000 demonstrator. The market 
is very large, consisting of several thousaiMl units per year for 
turboshafts, turboprops, and turbofan spinoffs. Large reductions in 
fuel consuaqption — up to 20-30 percent in some power ranges— are 
possible. The engine technology is essentially identical for military 
and commercial aircraft, but it differs from that for large engines in 
that the compressors are usually axi- or dual-centrifugal and there is 
more emphasis on first cost. 

Development of small engines now lags behind that of large 
engines, and inadequate advanced research has been done in this area 
in recent years. Thus, the panel recognises a need for aggressive 
advanced component work in the RAT Base complesMnting the Department 
of Defense's activities and aimed at a new generation of engines for 
the 1990' s. The outlook for technical success is good. The potential 
impact with respect to the criteria established is moderate. Industry 
is not likely to undertake such activity in the near future. 
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ADVANCSD PROPULSION SYSTEMS 
EnTqy Bffici«nt Bnqln« (B3) 

Proqrm DgacriPtion and Statu« 

Original Obiqctiv To provida th« technology baaa for a naw 
generation of fuel-^fticient turbofan engines with lower fuel 
consumption and reduced operating costs relative to current 
high-bypass-ratio engines. 

To Date Contracts for ccaiponent technology devel^ment and evaluation 
in an integrated engine system were awarded to General Blectric and 
Pratt k Nhitney in 1977. Approximately 75 percent of the program 
expenditures have been made# but success remains to be confirmed by 
testing of the cosv>lete engine. Program goals have been exceeded with 
a 90 percent efficiency fan rig test; rig tests of a 10-stage 
23;l-pressure-ratio high cosq^ressor achieved goal levels of efficiency 
and surge margin; two-sone# segsMnted-liner caad>ustors achieved 
emission goals (except for nitrous oxide) and met or exeeded goals for 
exit profile and pattern factor; 1-2 percent turbine efficiency gains 
relative to current turbines were achieved; and 80-85 percent nixing 
effectiveness in exhaust gas mixer scale model tests have been 
demonstrated. Conpmtent technology development has been completed, 
and hardware is being readied for integrated core engiiM system 
evaluation under PY 1982 funding. 

Impact of Caiicellation Immediate ! General Electric will eliminate 
second integrated core and low spool test; Pratt a Whitney will 
eliminate all engine systems tests# including evaluation and 
validation of low spool com>onents# active clearance control system# 
full-scale mixer performan>:e# component interactions# systems dynamics 
and transient operation# cemponent performance in real envirorawnt# 
ar!d impact of secondary flows and losses. Industry teams will be 
disbanded# and a large government investment in test bed engines will 
be lost for follow-on research programs. Future t Years will be lost 
before industry can pick up or obtain military funding for components 
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of th« pro^raa sine* major coapanitt bava hun4rada of milllona of 
dollars oomittad to naar-tarm turbofan davalopaantt. 


Findings 

Tba b 3 program is a classic systems tacbnology angina damonstration 
program of tba type that NASA, tba Oapartmant of Dafansa, and tba U.S. 
angina industry bava usad ovar tba last 30 years to advance tba 
stata-of'tba~art and astablisb tba data base required for industry to 
make commitments for engineering development of jet anginas. Tbasa 
are not prototype or production anginas, although soma features may be 
included in near-term anginas. This has bean a large program, funded 
at $20-$25 million par year for each of tba two contractors, and a 
successful one to data, even though the core and complete systems 
tests still lie ahead. NASA has worked wall with the angina and 
aircraft industry to establish requirements with high payoff for tba 
long term and has dona a good job in managing this cos^lax program. 

The state-of-the-art of each engine cooqponant is being advanced, and a 
major step forward in the overall cycle pressure ratio is being 
achieved. 

The only active government system technology program for large 
subsonic engines is the NASA E^. The Department of Defense is not 
developing work on higb-oypass turbofans or large turboprop gas 
generators and looks to NASA for support in this area. Engine 
technology for commercial subsonic transports and large military 
subsonic transports, tankers, and long-endurance aircraft is 
identical. Horeover, the technology for high-bypass turbofans and for 
large turboprop gas generators is very similar. 

The panel regards such programs as b 3 for subsonic engines and 
the Department of Defense's Advanced Technolcgy Engine Gas Generator 
Program for supersonic engines as essential to provide the technology 
necessary for continued U.S. leadership in military and comm e rcial 
engines. Thus, this activity is viewed as having high potential 
impact on national defense, efficient transport, and the national 
economy and is considered to be of high priority. The outlook for 
technical success is good. Industry is not likely to undertake such 
activity in the near future. 
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Adviwd Turbwrop Proar— (ATP) and ATP« Pfaaaa III 

Tha ptopoaad aoo^laration of ATP waa daniad aa a naw initiatlva» and 
tha ongoing ptogiaa la propoaad for tarnination. 


Proqran Daacrlption and Statua 

Objactivaa To daaalop and avaluata tlM tacbnology for affielant, 
raliabia# and aocaptabia oparation of advanoad turbt^rop-powarad 
aircraft at cruiaa apaaJa ranging frm Mach 0.7 to 0.9 with attandant 
raducad fual consunptionf anphaaiting fluttar and atruotural dynamic 
charactarlatica of advanced propallara and ayataaa integration for 
reduction of inatallation drag and cabin noiaa. 

To Data Under tha ACBB Progran^ uaing aubacala modal tcating, (1) an 
uninstalled pr^llar afficiancy of 80 percent at Naoh 0.6 haa bean 
attained, (2) predictions of propeller naar-fiald noise and fuaalaga 
wall noise attenuation have bean verified, and (3) preliminary 
indicatlona have shown that inatallation drag can be small. Tha 
daeign approach for larga-acala blades (8-10 ft in diameter) has bean 
aalactad. 

Impact of Cancallation/Raducti.on No data base from large-scale 
axparimanta now axiata for atructural and aerodynamic chatactaristica 
of advanced propellers. Furthermore, no timely large-scale teats will 
be undertaken. 

Desc^ed or delayedt Design, fabrication, and testing of 
large-scale blades; experimental and analytical understanding of 
propfan aeroelastic behavior; structure-borne noise evaluation, and 
attenuation research; installation aerodynamics data base with c^timal 
nacelle/wing configuration. 

Eliminated or deferred indefinitely; Large-scale ground and 
flight acoustic experiments; eiigine system compoiMnt tests (gearbox, 
pitch change, control, inlet); large-scale system integration flight 
research at Mach 0 .^- at 30,000 ft. 


Findings 

This program will t'e of critical i^;>ortance in the late 1980* s and the 
1990* s. High-speed propeller work requires large-scale experimental 
tests to validate noise, drag, aeroelastic and overall installed 
performance in a credible way. It is unlikely that advanced 
nigh-speed propeller propulsion will be chosen for short-haul 
commercial and cargo systems or military systems without successful 
experimental flight testing to pave the way. The question is whether 
propellers can potrer aircraft in the Mach 0.7-0. 8 range at 30-35,000 
ft and prove more cost effective in some types of lerge military or 
commercial aircraft than turbofans. A li percent reduction in fuel 
appears to be possible, but some panel members were skeptica) about 
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tfeia and ea^asltad tha naad for data frcMi lacga-scala taats and for 
realistic assaanaants of total inatallad parforaanca. Although thia 
i.a a controvaraial and high-rlak prograa, it could hava a profound 
affact on long-anduranca ayataaa, land-baaad antiauhawrina warfara 
.nlaaionaf and intrathaatar tranaport aa wall aa tha 100-150 paaaangar 
tranaport and coanuter aarkata. 

Ragarding tha aubatanca of tha program, tha panal quaationa tha 
naad to aaat tha goala of Nach 0.8 ahould tha 0.7-0.75 Mach ranga 
prova Bora afficiant. Inclualon of as^riaantal work for viabla 
altarnativa advancad propallara, auch aa a countar-rotating prop, ia 
alao racoaatandad in tha R4T Baaa. Early flight taat of a larga 8-9 ft 
advancad propallar, and ayatan atudiaa to aatabliah potantial 
advantagaa varaua advancad turbofana, ara indicatad aa wall. 

Vary littla work haa baan dona on propallara, aithar aaall or 
larga, for many yaara. Aa tha induatry aovaa toward highar apaada 
with largar, aora coaplax propallara, data ara naadad to produca and 
cart if y naw typaa of prqpallara and gaar boxaa. 

Oonaidarad aa a high priority program, ATP ia viawad aa important 
to daval<^paant of afficiant tranaport and holda high proaiaa for 
devaloping new aconoaic awrkata. Ita military implicationa aaka ATP 
of at laaat aodarata importance to national dafanaa. While the 
outlook for technical auccesa can be viewed aa fair to good, the 
overall riak aaaociated with thia project ia auch that it ia unlikely 
that induatry would undertake it in the near future. Phaae ill, the 
new initiative, rapreaanta a highly deairabla acceleration of the 
flight reaaarcb part of the total program, and soma level of effort in 
thia phaae ia viewed aa having the aane degree of ia^rtance aa the 
ongoing ATP activity. 
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LOW SPBBD 

(A«rodyn«Bics and Oonfigurations) 

PQWf d-Lift Tachnoloqy 

(Quiet Sbort-Haul Research Aircraft (Q6RA) Prograa) 

Proqraa Deacription and Statue 

Objective To generate and verify through flight research a technology 
data base for the design of quiet, efficient, econcaiical, and 
environaentally acceptable sbort**haul aircraft for future civil and 
ailitary applications. 

To Pate The guest pilot evaluation prograa has been coapleted along 
with successful shipboard evaluation on the US8 Kitivhawic . 

lapact of Cancellation Portions of the prograa are being continued at 
reduced scope and pace under the High-Speed Systeas Technology 
activity. Criteria on flying qualities and landing field for use by 
the FAA will be delayed, is well as further date to support Navy Short 
Take-off and Landing (STOL) efforts. 


Findings 

The QSRA Prograa is essentially at an end. In studying this prograa 
in 1979, the Aeronautics and Space Engineering Board concluded that it 
”aay have aarginal application because of cost and coaplexity.” NASA 
has conducted technology deaonstrations of STOL for aany years, and 
further work along these lines is unlikely to affect industry's 
reluctance to develop STOL for ccxaMrcial application at this tiae. 
STOL will likely be developed first for ailitary applications. It is 
unlikely that industry would undertake such a project in Uie near 
future. A aodest continuing effort in the RST Base or in High-Speed 
Systeas Technology is indicated. 
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Tilt Rotor Rfarch Aircraft 


Proqraa Description and Status 

Objective To doBonatrate and docuaant tilt rotor tachnology for 
■ilitary and civil applications and to docuaant the operating flight 
envelope f handling qualities, and terminal area characteristics. 

To Date Successful demonstration of flight envelqpe to 318 knots and 
verification of aeroelastic stability have been achieved, and the 
initial data base is established. 

Impact of Cancellation The following opportunities are eliminated: 
completion of flight envelope documentation, support of Joint Services 
V/STOL (JVX) development program, coaqpletion of mission suitability 
testing, and flight test of advanced rotor and flight controls. 


Findings 

Two tilt rotor vehicles were built by Bell for this program. Bell has 
received a modification to the contract that allows them to use one 
craft for an extensive two-year flight test program to be carried out 
at their expense. Data from this testing will become available to 
NASA. NASA's advanced rotor development program still contains funding 
to build and test a new composite-blade rotor for the remaining 
vehicle. 

This is the latter part of a big program, and the FY 1983 cuts are 
in the lowest-priority part of the rotorcraft research and system 
technology programs. With the increased activities by Bell and Boeing 
Vertol, and the interest of the military in the tilt rotor, NASA's 
investment in this technology demonstration has already proven to be a 
success. 
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TRAM8P0RI 

(AtrodynaaicB and Configurations) 

Laninsr Plow Control <LPC) 

ProqrsBi Description and Status 

Objactivas To davalop and daaonstrata r practical, raliabla# 
Bwintainable boundary- layer control systea for significant drag 
raduction of future transport aircraft, with the intent of 
demonstrating laminar flow control technology for industry design of 
LFC systems for advanced transport aircraft. 

To Date The basic concept of LFC Its been demonstrated, and progress 
has been made in unique LFC airfoil design. The present effort, with 
primary emphasis on develt^ment .^f the technology base for practical 
operating systems, has not p ;oc .rded to the point of resolution of its 
applicability. 

Impact of Cancellation Because of the long-term nature of the LFC 
research, there will be no immediate ispact of cancellation. However, 
resolution of the practicability of tf*e potentially large benefits of 
LFC in future aircraft design must be postponed indefinitely. 


Findings 

Unless NASA develcps a reasonably practical control system, it is 
unlikely there will be any application of LFC by industry. It is a 
high-risk project with high payoff, if successful. Of ail elements in 
the program, this appears to offer the least likelihood of practical 
operational success. Supporting this project rather than alternative 
efficiency improvement programs does not seem advisable at this time. 
Safety may be compromised, rather than enhanced, due to the 
uncertainty of uniform spanwise functioning of an LFC system. 

National defense benefits are questionable, and long-term performance 
and maintenance questions make a positive effect on the national 
economy doubtful. But, in view of the potentially high returns, very 
modest research efforts in the R4T Base level, as proposed by NASA, 
seem worthwhile. 
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Bixrqy Bffici«nt Tg«n«port (BBT) 

ProqrMi Description and Status 

0b1«ctivB To d«v«lop and daaonstrata advancad aarodynaaics and 
activa controls tachnology for application to darivativa and new 
transport aircraft. Cosplation of tha proof-of'-concapt flight 
avaluation of activa controls systaas and advancad tachnology airfoils 
was anticipatad. 

To Data Tha aarodynaaics data l>asa for high-aq^t-ratio 
suparcritical wings, high lift davicas, controls, and propulsion 
integration has baan davalc^d along with tachniquas for structural 
dasign and fault-tolarant coaputar design. Flight evaluations of 
aanauvar load control and relaxed static stability activa control 
concepts are coaplatad. Ninglats tailored for tha KC-135 and DC-10- 10 
have baan evaluated. Dasign avaluation of tha integrated application 
of activa controls on a new transport dasign is cos^latad, and a 
flight data base on aarodynanic and inertial loading for B-747 angina 
nacelles has baan obtained. F-111 flight tests have shown that 
increased laninar flow can be achieved for large transport aircraft. 

Iwpact of Cancellation Although moBt of tha originally planned BET 
program has bean coaq>leted (only $1.1 million was unfunded) , the 
program wrap-up would contribute significantly in documentation of 
recent work and planning that could help industry and permit an 
improved future R&T Base program — e.g., Lockheed's active pitch 
control system develoj^nt for the L-1011 airplane, all-electric 
airplane tachnology development studies for reduced aircraft «»eight, 
Douglas' high-aspact-ratio supercritical wing develc^ment refinement, 
and Boeing's work to develop natural or hybrid laminar flow concepts 
for future transport aircraft. 


Findings 

This program wrap-up is of only moderate risk and has a high 
probability of success. The ctmiplation of this planned program io 
cost effective because of the probable contributions to isqproved 
aerodynamic and structural efficiencies of future long-range 
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aircraft. This prograa is viawad as a high-priority ona with high 
potantial ispact on afficiant transport and tha national aeonoav* 
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Tarninal Configurad Vahicla (TCV) 

Proqran Dascription and Status 

Objactivas To dafina functional raquiraaants and parfomanca critaria 
for flight systans and displays of tha futura with which pilots can 
safaly and affactivaly oparata in tha evolving National Airspace 
Systas; to luka flight nora afficiant with raqpact to fual» airspace, 
and tine) to increase traffic flow capacity (and reduce delays ) f to 
iaprova operational capability in adverse weather} and to reduce noise 
impact on tha ground. 

To Data Tha systems demonstrated to reduce pilot %forkload, isprova 
maneuvaiing accuracy, and enhance safety include tha first application 
of all-digital systems in transport aircraft to display navigational 
and flight controls in TCV 737; tha first aircraft flights using 
coupled curved approach paths and automatic landings with microwave 
landings system (MLS) data for flare guidance; electronic cockpit 
displays brought from laboratory to industry acceptance; area 
navigation and guidance systeaw with many features not previously used 
on civil aircraft; development of autoland flare law concepts with 
great reduction in touchdown dispersion of high-speed runway turnoff 
guiuance systems; and minimum fuel flight profiles. 

Impact of Cancellation NASA expertise and facilities will not be 
applied to a number of activities identified by the FAA in which 
NASA's help would be import'^' t in implementing the PAA's 20-year plan 
for updating and a»dernising the National Airspace System. New 
airborne systems technology now in the laboratory developm e nt stage 
may not have attained credibility in time for the next generation of 
transport aircraft. Potential new aircraft benefits in safety and 
fuel conservation could be jeqpardised unless the Air Traffic Control 
System is developed in a timely manner. 
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Pinding» 

Th« TCV has providad and can continua to provlda iaportant advancas in 
airciaft and taninal safaty. Tha primary advantaga of continuing 
this program would ha coordination with tha FAA in ovarhculing tha air 
traffic systam to daal with axpactad problmaa in tarminal-araa traffic 
flow and safaty. intagration of tha human oparator with advanoad 
displays is assantial for ansuring safaty as tarminal-araa congastion 
incraasas. Simulation cannot accosqplish tha total task, and tha TCV 
has bacoaw an invaluabla facility in which to varify simulation 
rasults in a raal world anvironmant. 

Rasults hava claarly baan appliad in tha latast U.8. transport 
cockpits. Whila it is unraalistic to axpact industry to continua this 
projact, it might ba raasonabla to axpact a limited su^ort of cociqpit 
human factors technology. Xn such a casa, howavar, tha broad 
availability of tha rasults of tha %K>rk would ba brought into question. 

Kara tha TCV being newly established, mMbars of tha panel would 
choose a smaller, more economical aircraft. However, since tha B-737 
has baan made available, it seams sensible to use these existing 
systems in tha near term. NASA's plans to preserve tha TCV with RST 
Base suj^ort appear raasonabla to tha panel. 
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SUMMARY OOMICNTS 

A summary matrix of tha panel's assessment of projects aiccludad from 
tha NASA PY 1983 budget request to Congress is given in Table 3. 

Those excluded Systmss Technology projects and new initiatives to 
which the panel assigned a high priority, given by major technology 
area in aeronautics and with the NASA budget estimates of Table 2, aret 


o In the area of Structures and Materials 

Composite Primary Aircraft Structures (CPAS) S 2 million 

Trani^rt Aircraft Composite Structures (TAGS) 4 

Advanced CMposita Materials RST 4* 

o In the area of Propulsion 

Energy Efficient Engine (E^) 17 

Advanced Turboprop Program (ATP) 9.8 

Advanced Turboprop Program Phase III 31 





TABLE 3 Sumnuuy of Findings 
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o In tb« area of Aarodynaiica 

Enargy Bfficlant Tcanapoct (EBT) 1.1 

High ^rformanca Military R&T 4* 

Productivity Xsprovanent 6* 

With respect to the Advanced Turboprop Prograa* soae effort in 
preparing for the flight teat phase— -Phase III— -is viewed as a highly 
desirable cosipleaent to the ongoing ground test prograa« in which 
aerodynanic, structural, and acoustic characteristics will be defined. 

Thus, based on the NASA budget estimates, those programs assigned 
a high priority total somewhere between $48 million and $79 million, 
depending on the level of support allocated to ATP Phase III. Three 
of these programs, totaling $14 million, fall within the R4T Base. 

The panel believes the implementation of these high-priority 
activities would result in a focused and balanced program, enabling 
advances in all three major divisions of aeronautical technology- 
structures, prc^ulsion, and aerodynamics. 

A further increase in the RST Base of between $10 million and $20 
million would appear to be a modest amount to account for the 
inclusion of some level of effort for the eight Systems Technology 
projects deemed appropriate for funding within this category. 


NASA PROGRAM IMPACTS ON SAFETY, NATIONAL DEFENSE, 
EFFICIENT TRANSPORT, AND THE NATIONAL ECCWOMY 

A general discussion of considerations of safety, national defense, 
efficient transport, and the national economy is given in the 
following sections. It supplements specific discussions of these 
considerations, where appropriate, given in the assessments of 
individual projects. 


Safety 

In general, virtually all of the programs under consideration have 
some future safety implications with respect to the need to maintain 
or improve the present high levels of safety being achieved in 
aeronautical operations. These implications ari«v from the unique 
role of the government, which both develops aerontutical technologies 
and certificates the integrity of aeronautical products to the 
public. When NASA serves either as the developer of new or advanced 
technologies or as the clearinghouse for aeronautical data, others, 
such as manufacturers, universities, and government agencies, can then 
contribute to the broad range of evaluations needed both to determine 
the reliability and structural integrity of an advance and to consider 
its potential for increased efficiencies. Equally iapo.'tant for civil 
use, the FAA then has broad resources to draw <ipon in determining 


*RST Base. 
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whether or within whet iiaitetione to certificate e product. A recent 
exeaple has been in the rapidly growing application of high-strength 
fiber coaposite structures to all types of aircraft. The continuation 
of NASA projects in this technology is essential to aaintaining the 
high standards of safety in air transportation that the public expects. 

Conversely* when a single aanufacturer sakes an advance within a 
proprietary system* it sust risk its reputation and future success on 
the validity of its own findings* with no public evaluations or 
additional checks. Sinllarly* the FAA must then accept or reject the 
manufacturer's pr^osals on the basis of the same limited information. 

Thus* all RSD with probable civil applications has important and 
sometimes subtle implications for safety, use of technology by public 
carriers requires the highest standards of safety and careful 
establishment of priorities. 


National Defense 


Biscorically* the interaction developed between NASA and the 
Department of Defense has resulted in significant benefits to military 
programs. While the defense establishment by virtue of its mission 
concentrates on military-oriented programs* it makes use of technical 
advice from NASA. On the other hand* there are areas of broad 
aeronautical application in which NASA has a leading role and to which 
the Department of Defense has been able to contribute. A case in 
point is NASA's clear lead in computational aerodynamics. Other 
activities such as RSD facilities developsmnt and operation as well as 
flight test techniques development are carried out in parallel on a 
mutually supporting basis. Such compleMntary activities are of 
definite benefit and laqportance to both organisations. 

In the view of the panel* almost every Systems Technology program 
of NASA is of significant* though not necessarily unique or 
overriding, military interest. With regard to specific Systems 
Technology programs* those on advanced composite materials and 
structures* energy efficient engines* and advanced turboprop systems 
are without doubt of great value toward advanced military systems of 
the future— 1)90 and beyond. Even though the defense establishment 
has significant prograias for advanced composite structures* the area 
is so broad and so critical that the coad>ined efforts of NASA and the 
military are viewed a» necessary to achieve early transition of such 
important technology into effective and efficient systems for the 
future. 

In the case of the Energy Efficient Engine and the Advanced 
Turboprop programs* the military establishment depends entirely on 
NASA's work as there are no comparable activities within the Defense 
Department. For large* long-endurance military aircraft of the 
future* the defense establishmert relies on NASA Systems Technology 
programs. 
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Bfficitnt Tfn«port 

U. 8. -built uirplaiMs hav« doainatud th« world'll airways ainca World 
War XI. Thay hava baan aora productiva# affioiant« and raliabla than 
alaoat any othar coapating airplanas. Aaarican aanufacturara hava 
maintalnad aalaa laadarship with raaaonabla pricaa for auparior 
produeta« daapita fraquantly aora advantagaoua taras of acquiaition 
for airplanaa built by foraign coapatitora. 

Tha tachnical aupariority of U.S. tranaport airplanaa darivaa froa 
many factora* among wnich ara tha ability and inganuity of tha 
airframa and angina daaignara, axcallant poatdalivary auj^rt of 
producta by tha manufacturara, cloaa coiqparation batwaan buildara and 
proapactiva uaara# tha ovarall profitability of tha buainaaa, and 
baaic raaaarch by NASA and ita pradacaaaor^ tha National Adviaory 
Coanittaa on Aaronautlca. 

Air tranaportation haa bacoaa a national antarpriaar juat lika 
rail tranaportation or maaa tranaportation for citiaa. Air tranaport 
haa bacoma alaoat tha only naana of ovaraaaa traval> and tha major 
meana of traval for diatancaa of more Uian 300 milaa on tha 
continant. Airlift capability haa bacoma an important and intagral 
part of military atratagy. 

Much of tha laadarahip by U.S. aanufacturara can ba traced to 
aarly adoption of thair producta by U.S. airlinaa. Thaaa airplanaa 
hava anablad tha U.S. oparatora to aatabliah poaitiona of coapatitiva 
laadarahip and hava forced foraign airlinaa to acquira tha aama typa 
vahiclaa. To data, moat aircraft manufacturara in tha foraign 
countriaa with major airlinaa hava not baan abla to produce a 
compatitiva product— with tha notable exception of tha multinational 
Airbua A-300. Thua. for many dacadaa, advancaa in tha efficiency, 
comfort, convanianca. and aafaty of tha long-diatanca tranaportation 
ayatam hava depended on tachnical prograaa in tha U.S. aircraft 
induatry. 

Since 1973. airline fuel efficiency, aa maaaurad in paaaangar aaat 
milaa par gallon, hba incraaaed 40 percent. Much of thia economy haa 
reaultad froa ratiramant of older, laaa efficient airplanaa. uaa of 
airplanaa with more aaata. conaarvation. angina iaprovaoMnta. and aoma 
aerodynamic iaprovamanta. Mora aerodynamic and propulaion 
improvamanta and weight raductiona through greater uaa of coafpoaitaa 
will appear in new airplanaa. 

If American tranaport airplanaa ara to continue to aarva American 
tranaportation naada and are to retain a poaition of technical 
laadarahip and aupariority. thay muat continue to ba more productive, 
more efficient, and coapatitiva in all raapacta and muat meat the 
raquiramanta of tha marketplace. 

NASA prograaa auch aa tha Aircraft Energy Efficiency (ACBE) 
Program, which includaa raaaarch in aarodynaaica. prc^ulaion. 
coapoaitaa. ate., ara of prime importance to thaaa anda. In fact, 
aoma of tha producta of tha ACEE program hava already baan 
incorporated into airplanaa and anginaa currently in oparatiop. 

NASA'a raaaarch contributiona hava dao aaaiatad tha FAA in 
developing tha microwave landing ayatam. which haa baan adopted aa an 
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international standard. Such an application was not foraseen when the 
Terninally Configured Vehicle Progam was initiated. It should 
continue to be of help in the development of the National Airspace 
System. Many contributions to operating safety have come frosi NASA 
research* and much of this research is of a broad and integrated 
nature and cannot normally be expected to cone from industry. 

National Economy 

Although as indicated in Chapter 3, "Considerations Affecting the 
Review*” and in Chapter 5* "Bridging the Gap** many factors affect the 
selection of civil sector RfcO for government support* there is little 
doubt that most of the NA' A programs reviewed have a potentially large 
future iii^>act on the national economy. This judgment can be made 
without regard to the particular mechanisms that might be used to fund 
them* although in many cases* because of dual military and civil 
applicability* long-range high-risk payoff possibilities* and 
industry-wide applicability over a wide range of aircraft tyoes* 
direct government support seems most appropriate and efficient. 

The programs already discussed under "Efficient Transport*" namely 
the Aircraft Energy E'.'ficiency (ACEE) Progrw* which includes work in 
aerodynamics* propulsion* and composites* and the Advanced Turboprop 
program* typify NASA's efforts in support of maintaining the 
technological lead and international competitiveness of U.S. transport 
aircraft* which programs subsidized by foreign gov.rnments are 
currently challenging. The potential in these pr<jgrams for improved 
economic efficiency of U.S. transport aircraft will in itself 
contribute to the national economy. An essential element of all of 
these potential economic benefits is improved engine fuel consumption* 
as exemplified by the Energy Efficient Engine Program. Large U.S. jet 
engines currently dominate the world air transport market to an even 
greater degree than in the past* since foreign aircraft such as the 
Airbus use them. Maintaining this significant export potential also 
benefits the economy. 

Similar considerations apply to the general aviation area in both 
aircraft and engines. Although the scale of general aviation RtD 
generally involves smaller funding for individual projects and 
although much of it tends to be done in the RST Base rather than as 
Systems Technology it is important to maintain a healthy level of 
work in this area. 
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Bridging the Gap 


The panel concurs with the 0MB statement that govecnaent RiD support 
should be focused "on fundaswntal research in all basic aeronautical 
disciplinesr the sMintenance of specialised facilities for research 
and testing, and technology developawnt and deaonstration activities 
critical to the nation's needs . . . [while] technology developaent 
and deaonstration projects with relatively near-tera c o s ae rcial 
applications will be curtailed as an inappropriate federal subsidy. 

However, the interpretation of this principle in responding to the 
question of whether it is necessary for the governaent to bridge the 
gap between research and early a^lication of new technologies poses 
many questions. In preceding chapters, the panel has atteapted to 
evaluate, using several criteria, whether certain technologies are 
critical to national needs. A remaining question is how far on the 
continuum of aeronautics research and development NASA appropriately 
should go and at what point industry or the Department of Defense 
should be expected to assume validation and development 
responsibilities for new technologies. The degree of technological 
and financial risk involved and whether the expected technical and 
financial payoff will occur in the long-term or the near-term are key 
elements in making this determination in addition to national 
criticality. 

The gray area, which is under consideration in this review, is 
mainly in the Systems Technology area in projects characterised by 
NASA as proof of concept or technology desonstration.2 
Demonstration projects often have the appearance of prototype 
developsient because the article being demonstrated must be capable of 


Office of Management and Budget is Special Analysis K. 

^NASA has defined the steps of the research and development 
continuum as oeing il) discipline research to understand basic 
physical phenosmna and generate concepts, (2) systems research tc 
understand the interaction between components, (?) prajf-ot-concept 
activities to establish feasibility, (4) technology v^ilidation to 
establish confidence, and (S) product development. M.iSA never engages 
in the latter activity and rarely in the technology validation stage. 
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bving tested in ^pproxiMtely the true operating ensironaent. The 
purposes of the deaonstration are to establish the extent to which 
design analyses and engineering laboratory tests are valid as bases 
for projection of perfomance under operating conditions and to 
identify any unforeseen factors that must be iaposed on future designs 
to reflect the requireawnts of the operating environswnt. The 
deoK>nstration article say not be (and often is not) sised as a 
Manufacturable and sMrketable product. SooMtiaes the deaonstration is 
baaed on testing new ooaponents as operating elenents of existing 
operational systesa. 

Engine desonstration projects, for exas^le, pose particular 
difficulties for Many critical observers of aeronautical RSD pr'iraas, 
because a dcaonstration engine looks like a coaplete proto tue engine 
and operates like one. Yet the deaonstration engine is only intended 
to determine the interactive perforaance of separately developed 
components (fans, compressors, coabustors, turbines) . The 
deaonstration engine is usually not flight weight in all coaponents, 
nor does it have a flight-type fuel control system, starting 
provisions, power takeoffs, compressed air bleeds, and other 
appurtenances necessary for a flight engine. Horeover, the 
demonstration engine does not meet flight safety and reliability 
standards; it is siaply a bench test device. That vhe demonstration 
engine is not really intended to be a prototype of an operational, 
marketable engine in perhaps bust illustrated by the fact that it may 
be in a considerably different sise class from the most obvious 
specific applications (c.g., the military-sponsored General Electric 
deaonstration enginu that led to the TF-39 eventually installed in the 
C-5A was sised at less than half the thrust level of the c^rational 
engine). Thus, an engine deaonstration project is clearly 
distinguishable from a full-scale eiv;^ine engineering develoiUBent 
program. 

Such demonstration projects are intended to build confidence in an 
innovative design concept, structural arrangement, components, device, 
or material in order to permit not only the potential amtnufacturer but 
also tha user (military services, airlines, etc.) and the certifying 
agency (FAA) to a{^raisc the merits and anticipate the problems of the 
innovation properly. 

Clearly, if an innovation primarily for comaeccial use is specific 
in nature and proprietary to one manufacturer, the burden of 
demonstration must be assumed by tnat manufacturer. But where a new 
technology is intrinsically likely to be industry-wide, mey have many 
applications in many forms, has potential military and civil 
ap' ' ications, is costly to demonstrate, ar.d has important iiqilications 
for safety and other regulatory concerns, then government funding may 
be the most appropriate way to carry out the demonstration project. 

The degree to which the seated criteria apply to any particular area 
of innovation is inevitably a natter of judgment, but such 
technological advances as the use of high-strength composite 
structures in aircra..t clearly have properly been undertaken with 
government support of dwaonstration projects. The rate of progress in 
this area will continue to depend on the decree to which R4D is 
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a 99 c«Miv«ly pursued* although the initial hurdles requiring 
desions tret ion have undoubtedly been overoone for the level of 
technology nou being introduced in a nusiber of new civil and Military 
aircraft“>e*g.* the Boeing 757/767 flight control surfaces and the 
"Harrier" AV-8B Narine V/STOL fighter sain wing structure. However, 
new matrix sMterials, fibers, and structural arrangements and their 
relationship to design, fabrication, ini^ection, and opacating and 
maintenance problems will continue to be the subjects for RSD, and if 
sufficiently large technological advances with high potential 
performance and economic advantage seen to be in prospect at soma 
future tine, a new round of demonstration projects would be in order. 

The financial dimensions of introducing major innovations in large 
transport aircraft nay be perceived by consideiing that the cost of 
launching such a program nay be several billion dollars and the suns 
required may well exceed the net vorth of an aircraft manufacturer 
("you bet your company" is one description of this situation) . 
Furthermore, concern over "risk taking in recent years has led to the 
need for a greater degree of c«ifiden> .1 new technology before 
financial interests are willing to back industry in the development of 
a new product. Denonstration/proof-of-concept projects help to 
determine when, in what areas of application, and with what technical 
confidence aircraft manufacturers may be ready and willing to adopt 
advanced technologies prior to proceeding with these large financial 
undertakings. In addition, they help both government and industry to 
identify areas of RW where additional work may be necessary to reduce 
technical risks before product development. 

These is general agreement that the lead tism for maturation of a 
given technology should be a factor in determini . whether NASA should 
appropriately be involved. Yet, as noted earliei., it is often 
difficult to predict in what time frame a new development may occur. 

As indicated in Chapter 3 in the section "Near Term Versus Long Term," 
aggressive pursuit of fiber composite technology in a joint 
government-industry program resulted in the use of a boron fiber 
composite horisontal tall surface on the F-14 aircraft in less than 10 
years, and the recent NASA discovery of the winglet for drag reduction 
has found almost ianediate possibilities for application in military 
and civil aircraft. 

The panel agrees that near-term commercial anqplications are the 
responsibility of industry, but longer-term high-risk development and 
demonstration, reflecting new, advanced concepts, are viewed as 
essential to the nation's needs, are unlikely to be supported by 
industry, and should be an issue for federal government concern. 

These activities do not necessarily fill an identifiable need at the 
present time, but seek to maintain a viable economic and defense 
posture 10 or 20 years hence. 
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Related Program Concerns 


In the course of the panel's discussionsi several issues arose# in 
addition to the specific charges to the panel, regarding which the 
members of the panel wish to record their concern. 


LACK OF NEW INITIATIVES IN THE AERONAUTICS BUDGET 

The panel views with great concern the deferral of NASA's new 
initiatives in aeronautics for the past two years. New initiatives 
tend to be revolutionary rather than evolutionary. Accordingly# most 
industrial or commercial organizations cannot or will not risk 
something that may fail completely or take 10 to 15 years to culminate 
in a profitable product. This is where government laboratories have a 
unique role to play. One of the most important functions for any 
government laboratory is to study these new arenas — at the basic 
research level# at the a^^lied research and exploratory development 
level# and if necessary at the demonstration level. 

Such areas as advanced composites research# new vehicle and engine 
efficiency concepts# and advanced numerical techniques, which may 
significantly affect the develojcmient and overall quality of new 
aerospace systems# warrant vigorous pursuit if the United States is to 
maintain a competitive posture in the coming decades. Because the 
impact of such initiatives is negligible in the near term# it is easy 
to continue to defer these activities. In the panel's view# the 
decline and deferral of long-term R&D may result in severe setbacks in 
the U.S. defense and economic posture near the turn of the century. 


ADEQUACY AND BALANCE OF THE RST BASE PROGRAM 

A secondary and inadvertent effect of terminating Systems Technology 
programs may be to redistribute research in the RST Base away from 
basic and long-rar^ ^ research. 

When a Systems Technology program is terminated# some element of 
it should often appropriately be transferred to the RST Base; for 
example# a typical $10 million program might contain within it as much 
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as $1 or $2 million of fundamental work to support the specific 
program. The panel observed that NASA has proposed to reprogram 
approximately $11 million to the R6T Base to carry on fundamental work 
and continue other parts of eliminated programs at reduced levels. In 
the panel's review of the individual Systems Technology programs, 
several programs appeared to be essentially groupings of individual 
projects that properly belonged in the RST Base. The panel has 
recommended that these programs continue at some level in the RST Base 
as well. 

It is not clear, however, whether current and planned growth of 
the R&T Base is adequate to absorb these transfers from the canceled 
programs, or whether such shifts will curtail or eliminate important 
existing research programs in the R&T Base. This assumes that NASA 
management will appropriately rebalance the R(iT Base when funding 
levels are determined. 

In addition, the pressure on the NASA laboratories, under the 
long-term trend of budget reductions in aeronautics programs combined 
with the proposed sharp FY 1983 reductions, could result in NASA's 
preserving in-house capabilities at the expense of programs conducted 
out of house. Admittedly, if such pressures continue NASA will be 
faced with losing its own cadre of experts, if not the absolute 
capability of the organization. But budget reductions immediately 
affect the health of university research, existing teams of experts 
within the aeronautics industry, and the unique and successful 
relationship that has existed among NASA, the universities, and 
industry. Once abandoned, these arrangements will be difficult to 
rebuild, if not irretrievably lost. 

Figure 2 demonstrates this trend over a 10-year period. It shows 
that in constant dollars support for research projects with industry 
has declined by a factor of three and that university contracts have 
fallen sanewhat over the past four years. In this regard, it is noted 
that there have been some cancellations of approved multiyear basic 
research programs at universities and projections that some current 
long-term programs will not be continued in out years. This has 
occurred during a period when the universities have been under 
financial strain from the cancellation of other governr^'^nt support and 
from difficulties in raising funds. These reductions can adversely 
affect the support of basic and applied engineering research at 
universities and in industry and preclude the important contributions 
these institutions can make. A reduction in the support for 
engineering research at universities also weakens educational 
opportunities for future engineers. The panel concludes from the 
available data that, unless university, industry, and other contracts 
are continued at a viable level, basic research will receive less 
support in the proposed ’’expanded" RST Base than in previous budgets. 
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March 8. 1982 


Mr. James M. Beggs 
Administrator 
National Aeronautics and 
Space Administration 
Washington, D.C. 20546 

Dear Mr. Beggs: 

In accordance with the relationship between NASA and the National 
Research Council (NRC) established by Hous* Report 96-1476, we hereby 
request a review of NASA's plans to significantly reduce its FY 1983 
aeronautical research and technology programs. 

Specifically, we request that the NRC Committee on NASA Program 
Reviews establish a mechanism to examine the potential imoact of these 
proposed changes. The review should identify those areas of key programs 
no longer included in the FY 83 budget and: (1) address the national 
criticality of those programs; (2) assess the risk associated with the 
satisfactory completion of each of the programs; and (3) determine the 
degree to which these programs might be assumed by the private sector. 

To assist in making a decision regarding this subject in a timely 
fashion, a briefing on the findings of the review panel is requested by 
July 16, 1982. 



Sincerely, 


Chairman 

HUD- Independent Agencies 
Subcommittee 
House Appropriations 



Jike 
Cbaii 

Hull; liulfe pendent Agencies 
Swcoonittee 
Senate Appropriations 


cc: Mr. Frank Press 
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QlCniUb ^iai«s Senate 

•OMMITTM «N MvnaMKATiaM* 
WOtWI OT CII. O.C. tNIO 


Hcrch 18. 1982 


Hr. James M. Beggs 
Administrator 
National Aeronautics and 
Space Administration 
Washington, D.C. 20546 

Dear Mr. Beggs: 

On the basis of staff discussion regarding clarification of the 
second paragraph of our March 8 letter to you, the item which reads 

”(2) assess the risk associated with satisfactory 
completion of each of the programs; 

can be re-phrased as 

'*(2) assess the risk (probability of success) 
associated with achieving the objectives of each 
of these programs; 


Sincerely, 


Ja|(e\am 

Cn^jrMn 

HUD^IllKpendent Agencies 
Subcomnittee 



cc: Or. Frank Press 
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Appendix C 

GUIDEHWE8 FOR A REVIEW OF 
REDUCTIONS IN NASA'S AERONAUTICS PROGRAM 


The National Acadany of Sciancas/National Acadaay of Enginaerlng 
through the National Rasearch Council contracted to furnish the 
National Aeronautics and Space Administration, through the NASA Chief 
Engineer, a review of NASA Aeronautical Technology Program Reduc:ions 
in response to Congressional request. This review is the second task 
under a broader contractual arrangement with NASA to provide Congress 
with NRC evaluations of major NASA program changes. The request 
issued by letter dated March 8, 1982, from Senator Garn and 
Congressman Boland to NASA Administrator James Beggs with further 
explanatory note of March 18, 1982, fren Senator Garn stated the 
charge : 


In accordance with the relationship between NASA and the 
National Research Council established by House Report 96-147b, %fe 
hereby request a review of NASA's plans to significantly reduce 
its FY 83 aeronautical research and technology programs. 

Specifically, we request that the NRC Committee on NASA 
program Reviews er'.ablish a mechanism - examine the potential 
impact of these proposed changes. The review should identify 
those areas of key programs no longer included in the FY 83 budget 
andt (1) address the national criticality of these programs; (2) 
assess the risk associated with satisfactory completion of each of 
the programs (l.e., assess the risk (probability of success) 
associated with achieving the objectives of each of these 
programs); and (3) determine the degree to which these programs 
might be assumed by the private sector. 

To assist in making a decision regarding this subject in a 
timely fashion, a briefing on the findings of the review panel is 
requested by July 16, 1982. 

To deal with the request for carrying out reviews of NASA 
programs, the NRC established the Committee on NASA Program Reviews. 

In order to address diverse problems, the eexunittee has been 
authorized to establish ad hoc review panels, of which this — the panel 
to review reductions in the NASA Aeronautics Program — is the second. 

In carrying out this review, account should be taken of recent 
studies related to NASA's aeronautics ./rogzam conducted by the NRC 
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Aeronautics and Space Engineering Board, which include "HASA'a Role in 
Aeronautics: A Norkshop” (7 voluMS) , "NASA's Aeronautics Research 

and Technology Base," and "NASA's Aeronautics Program t Systems 
Technology and Experimental Programs." The trorU of the NRC panel 
conducting a Review of Aovanced Technology Competition and the 
Industrialised Allies should be taken into consideration as well. 

The review panel is to consider the NASA Aeronautics Research and 
Technology Program as a whole to include the Research and Technolorjy 
rase, the Systems Technology generic fields, their individual projects 
and proposed new initiatives from their level of effort in FY 61 or 
earlier to date. Four areas deemed to be of primary importance with 
regard to aeronautical systems aret 

Safety 

National Defense 
Efficient Transport 
National Economy 

The panel shall address the following questions: 

1) Is it necessary for the government to bridge the gap betwee.'i 
the Aeronauti Research and Technology Base and early 
application wi.h regard to the four areas noted above? 

2) what is the outlook for success and what are the time horizons 
of those projects excluded from the proposed FY 83 budget? 
Would Industry uitdertake these projects (now or later) if 
government does not do them and on what basis? 

3) If neither government not industry undertakes the projects 
noted in question 2) , what will be the inqpact with regard to 
the four areas notsd above? 

4) what should be the priorities within NASA's Aeronautics 
Research and Technology Program? 

It is understood that NASA will provide information and data on 
the following: scientific and technical objectives of their 

aeronautics research and technology programs, their funding levels by 
project from FY 81 or earlier to those proposed for FY 83, and 
detailed descriptions of the Aeronautics Systea Technology projects 
(as well as proposed iww initiatives) to include, for those projects 
to be terminated, their anticipated status at the time of termination. 

It is requested that the task be coiqpleted and the report be 
forwarded to the Committee on NASA Program Reviews by dune 30, 1962. 


Committee on NASA Program Reviews 
Washington, D.C. 

March 27, 1982 
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EXCERPTS FROM THE OFFICE OF MAHAGEHEMT AND BUDGET'S 
SPECIAL ANALYSIS K 


SPECIAL ANALYSIS K 
RESEARCH AND DEVELOPMENT 

This analysis tummarizes the funding of research and develop- 
ment across all departments and agencies. It consists of two parts. 
The first highlights the R. A D. policies and trends in the 1983 
budget. The second describes in more detail the RAD. programs 
of the 13 agencies whose 1983 obligations account for over 99% of 
total Federal funding for R. A D. 

The Federal Government does not have a separate R. A D. 
budget. Rather. R. A D. programs are reviewed and funded primar- 
ily in the context of the missions of individual agencies and on the 
basis of their importance in meeting mission objectives. 

Part I. HicnuGHTS 

RAD. activities are supported by the Federal Government in 
two broad categories, namely, to meet: 

• Federal Government needs — wnere the sole or primary user 
of the R A D. is the Government itself, for example, in 
national defense and environmental regulation. 

• National needs— where the Federal Government helps to 
assure the strength of the Nation's economy and the welfare 
of its citizens through the support of R A D. in specific areas 
such as agriculture, energy, and health. 

The 1983 budget reflects a clearer delineation, than has been the 
case in the past, between the respor.sibilities of the Federal Gov- 
ernment and those of the private sector with respect to R A D. to 
help meet national needs. 

liie Federal Government has two main responsibilities with re- 
spect to R A D. to meet national needs. 

• First, it should provide a climate for technological innovation 
which encourages private sector R. A D. investment that best 
reflects the realities of the marketplace where new and im- 
proved processes and products are developed, bought, and 
sold. The administration is fulfilling this responsibility pri- 
marily by reducing Government spending, regulation and 
taxes. Thus, the administration's RAD. policy is part of its 
overall economic policy. 

• Second, the Government shculd focus its direct R. A D. sup- 
port on those areas where there is substantial prospect for 
significant economic gain to the Nation, but where the pri- 
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vate sector is unlikely to invest adequately m the national 
interest because the benefits, in large measure, are not imme> 
diately ‘‘appropriable" by individual firms. Thus, for example, 
the Federal Government supports basic research across all 
scientific disciplines but limits its spending on technology 
development to technologies requiring a long period of initial 
development, such as fusion power, where the risk is hi^ but 
the payofT to the Nation is potentially large^ This strategy is 
reflect^ in the funding for R. & D. to meet national needs in 
the 1983 budget 


• Nmtionai AtronauUct and Spact A^minUtration (SASAk—Ob‘ 
ligations for the conduct of R. & D. by NASA are estimated at 
$6.5 billion for 1983. $0.7 billion over 1982. Increased funding 
for 1983 is proposed to assure timely transition of the Space 
Shuttle to an operational system <ind to continue the highest 
priority research and space exploration projects, including the 
further development of the Space Telescope, Gamma-Ray 01^ 
eervatory and the Galileo Mission to Jupiter., , . . 

NATIONAL AXaONAtmCS ANS SVACE AOMlNISnATlON 

Through the programs of NASA, the Federal G rnment makes 
investments in R. & D. that yield new space ter lologies to im- 
prove the national security and the long-term sc^ ific and techno- 
logical strength of the Nation. They also prov new knowledge 
about the earth, the solar system, and the universe. 

In 1983, the R & D. request would continue flight missions 
launched in prior years (e.g.. Voyagers to the outer planets) and 
further development of most major ongoing projects, including the 
Space Shuttle. Obligations for the conduct of R. dc D. would in- 
crease by $672 million in 1983 to a total of $6.5 billion. Within this 
amount, basic research would amount to $682 million, an increase 
ot $102 million over 1982. Obligations for construction of facilities 
in 1983 would total $116 million 

Aeronautical Research and Technology Programs. — In 1983, 
support will be focused on fundamental research in all basic 
aeronautical disciplines, the maintenance of specialized facilities 
for research and testing, and technology development and demon- 
stration activities cr..ical to the Nation's defense needs. 

Research emphasis will be placed on: 

• Aerodynamics, propulsion and avionics; 

• Flight controls and human-vehicle interaction; and 

• Materials and structures. 

Technology development and demonstration projects with rela- 
tively near term commercial applications will be curtailed as an 
inappropriate Federal subsidy 
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REPRBSEIiTATIVBS FHOM ORGANIZATIONS 
WHO MADE PRBSENTATIONS TO THE PAKEL 


MS. VIRGINIA LOPEZ, Director, Aerospace Research Center, Aero^>ace 
Industries Association 

MR. ALLEN SKAGGS, Vice President Civil Aviation, Aerospace Research 
Center, Aerospace Industries Association 

MR. JOSEI'H SNODGRASS, Director of Aviation Prc^rass, Aerospace Research 
Center, Aerospace Industries Association 

MR. JEFF STRUTHBRS, Chief, Science and Space Prograas Branch, Office of 
Management euid Budget 

DR. LOUIS MCRITULLI, Study Director, Office of Science and lechnology 
Policy 

MR. JAMES Z. SSKtLEY, Vice Pr :• Jident Governac- t Relations, Ger 'ral 
Aviation Manufacturers Association 

MR. STANLEY GREEN, Vice President and General Counsel, General Aviation 
Manufacturers Association 

MR. SIEGBERT B. PORITZKY, Director of Systems Engineering Management, 
Federal Aviation Administration 

MR. RAYMOND SIEHERT, Director of Engineering Technology, Department of 
Defense, Office of the Undersecretary of Defense, Research and 
Engineering 
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THE ROLE OF NASA SYSTEMS STUDIES 


System studies are an essential element of any engineering or applied 
science program. The more complex the end products to which the R&D 
is to be applied and the more advanced the technology involved, the 
more inqportant the system studies. Modern air transports and military 
aircraft are both highly complex and involve much advanced 
technology. Aeronautical RSD, therefore, requires support by 
extensive system studies. Only by examining a wide range of potential 
applications of emerging technology can proper emphasis be placed on 
the various specific areas included in all phases of the R&D process. 
In many cases, system studies also provide guidance on the specific 
problems that must be addressed. 

System studies of aircraft usually ccx&prise integrated designs of 
potential future aircraft systems incorporating new technologies as 
they are projected to be available at some future time. These study 
designs may cover a range of technological and end-use parameters and 
superficially apE^ar to be what an industry design team normally does 
to design an end product. However, the system study designs are 
generally limited in detail but of broader scope in ranges of 
applications and technological variables. NASA's role in sponsoring 
these studies is to bring in the results of their own technology base 
programs in establishing the scope and direction of the studies and to 
integrate and evaluate the results of several industry design teams in 
the airframe, engine, and possibly equipment areas, as appropriate to 
the particular potential development under study. NASA also brings in 
the concerns of users (e.g., airlines) and government agencies such as 
FAA and seeks to arrive at overall assessments as to the potential 
value and timing of new technologies in various applications and the 
R&D needed to achieve potential advances. The specific system designs 
analyzed in this process are generic and are not likely to represent, 
even approximately, specific products to be manufactured and marketed 
by industry at some future time. 
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JOINT INOaSTRY RtD PROGRAMS 


In considering whether it would be possible for the aircraft engine 
industry to fund deaonstration RfcD programs, it should be noted that 
the major large engine manufacturers presently are investing $100-S200 
million annually in engineering development of commercial engines for 
the near term. Demonstration engine programs for transport or 
military applications currently involve costs of about $100 million, 
while the total cost of developing a new transport (or military) 
engine may come to a billion dollars. Funding for a typical 
demonstration engine project has run at an average of $25 million 
annually over four years. Clearly, investments on the nearer-term 
projects involve much less risk in ix>th the technical and commercial 
aspects and earlier (and hence financially more attractive) payoffs. 
This factor tends to mitigate against industry investments in 
longer-term, more uncertain, future developments. 

However, there are, in principle, many ways in which industry 
could pool its efforts in conducting research and development programs 
of industry-wide interest. Recently, the integrated circuit industry 
and the computer industry in the united States undertook joint 
sponsorship of university programs and other programs as part of their 
efforts to counter foreign-government-subsidized programs. In the 
areas of electric utilities and industrial abrasives, there is a 
history of industry associations that conduct R&D. 

The antitrust laws and regulations are often cited as obstacles to 
such activities. However, the legal con^lexities are such that it is 
difficult to determine in advance what is and what is not 
permissible. Moreover, the government's antitrust policies have 
changed over the years and will probably continue to evolve. In 
general, recent Justice Department documents indicate cooperative 
industry RfcD is more likely to be acceptable under existing antitrust 
policies if it is directed toward basic or fundamental research, 
becoming less acceptable as the development end of the RfcD spectrum is 
approached. As noted, however, the characterization of the various 
stages of the RfcD process is subject to wide ranges of interpretation, 
and it is difficult to conjecture how specific proposals might be 
judged. 

Aside from the legal aspects of the problem, the structure of 
given industries and the competitive environment both at home and 
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abroad influence the attitudes of those industries toward cooperative 
RiD and deteraine the kinds of arrangesents that are desirable and 
feasible. An exas^le of a situation posing special cos^titive and 
antit..ust considerations is the jet engine industry, in which there 
are only two U.S. producers of large jet engines for transports and 
Military aircraft (General Electric and Pratt a Whitney) . The panel 
did not pursue the potential for cooperative industrial research in 
depth but found soae reservation on the pari of both the aircraft and 
engine industry representatives with whom the natter was discussed. 
The general aviation manufacturers' representatives, however, seemed 
less inclined to rule out the possibility of cooperative RSD in some 
areas. 

Since the establishment of workable and legally permissible 
mechanisms and organisations for conducting cooperative R60 %K>uld 
undoubtedly take several years to achieve acceptance and operational 
effectiveness, the panel did not consider cooperative R&D as a 
feasible near-term alternative to government funding for most of the 
programs in the FY 1983 budget. 
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